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Scilab numbering policy used in this document and the relation to the
above book.

Exa Example (Solved example)

Eqn Equation (Particular equation of the above book)

AP Appendix to Example(Scilab Code that is an Appednix to a particular
Example of the above book)

For example, Exa 3.51 means solved example 3.51 of this book. Sec 2.3 means
a scilab code whose theory is explained in Section 2.3 of the book.
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Chapter 2

FUNDAMENTAL CONCEPTS
OF AC CIRCUITS

Scilab code Exa 2.1 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 MVA_base = 10.0 //Three−phase base MVA
4 kV_base = 13.8 // Line− l i n e base kV
5 P = 7.0 //Power d e l i v e r e d (MW)
6 PF = 0.8 //Power f a c t o r l a g g i n g
7 Z = 5.7 // Impedance (ohm)
8

9 // Ca l c u l a t i o n S e c t i o n
10 I_base = (MVA_base) * (10**3) /((3**(0.5)) * kV_base)

// Base c u r r e n t (A)
11 I_actual = P * (10**3) /((3**(0.5)) * kV_base*PF)

// Actua l c u r r e n t d e l i v e r e d by machine (A)
12 I_pu = I_actual/I_base

//p . u c u r r e n t ( p . u
)

13 Z_pu = Z * (MVA_base /( (kV_base)**2 ))

//p . u impedance ( p . u )
14 P_act_pu = P/MVA_base
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//p . u a c t i v e
power ( p . u )

15 x = acos(PF)

16 y = sin(x)

17 P_react = (P * y)/PF

// Actua l
r e a c t i v e power (MVAR)

18 P_react_pu = P_react/MVA_base

// Actua l p . u r e a c t i v e
power ( p . u )

19

20 // Re su l t S e c t i o n
21 printf( ’ p . u c u r r e n t = %. 3 f p . u ’ ,I_pu)

22 printf( ’ p . u impedance = %. 1 f p . u ’ ,Z_pu)

23 printf( ’ p . u a c t i v e power = %. 1 f p . u ’ ,P_act_pu)

24 printf( ’ p . u r e a c t i v e power = %. 3 f p . u ’ ,P_react_pu)

Scilab code Exa 2.2 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 MVA_base = 5.0 // Base MVA on both s i d e s
4 hv_base = 11.0 // Line to l i n e base v o l t a g e s i n kV

on h . v s i d e
5 lv_base = 0.4 // Line to l i n e base v o l t a g e s i n kV

on l . v s i d e
6 Z = 5.0/100 // Impedance o f 5%
7

8 // Ca l c u l a t i o n S e c t i o n
9 Z_base_hv = (hv_base)**2/ MVA_base // Base

impedance on h . v s i d e (ohm)
10 Z_base_lv = (lv_base)**2/ MVA_base // Base

impedance on l . v s i d e (ohm)
11 Z_act_hv = Z * Z_base_hv // Actua l

impedance v iewed from h . v s i d e (ohm)
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12 Z_act_lv = Z * Z_base_lv // Actua l
impedance v iewed from l . v s i d e (ohm)

13

14 // Re su l t S e c t i o n
15 printf( ’ Base impedance on h . v s i d e = %. 1 f ohm ’ ,

Z_base_hv)

16 printf( ’ Base impedance on l . v s i d e = %. 3 f ohm ’ ,

Z_base_lv)

17 printf( ’ Actua l impedance v iewed from h . v s i d e = %. 2 f
ohm ’ ,Z_act_hv)

18 printf( ’ Actua l impedance v iewed from l . v s i d e = %. 4 f
ohm ’ ,Z_act_lv)
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Chapter 3

GENERAL
CONSIDERATIONS OF
TRANSMISSION AND
DISTRIBUTION

Scilab code Exa 3.1 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 P = 5.0 //Power (MW)
4 pf = 0.8 // l a g g i n g power f a c t o r
5 d = 15.0 // D i s t anc e o f l i n e (km)
6 J = 4.0 // Current d e n s i t y (amp per mmˆ2)
7 r = 1.78*10**( -8) // R e s i s t i v i t y (ohm−m)
8 kV_1 = 11.0 // P e rm i s s i b l e v o l t a g e l e v e l (kV)
9 kV_2 = 22.0 // P e rm i s s i b l e v o l t a g e l e v e l (kV)

10

11 // Ca l c u l a t i o n S e c t i o n
12 I_1 = (P*10**3) /((3) **(0.5) * (kV_1) * pf) //Load

cu r r e n t (A)
13 area_1 = I_1/J // Cross

−s e c t i o n a l a r ea o f the phase conduc to r (mmˆ2)
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14 volume_1 = 3 * (area_1 /10**6) * (d*10**3) //
Volume o f c onduc t o r s ma t e r i a l (mˆ3)

15 R_1 = r * (d*10**3) /( area_1 * (10** -6)) //
Re s i s t a n c e per phase (ohm)

16 PL_1 = 3 * (I_1 **2) * (R_1 *10**( -3)) //Power
l o s s (kW)

17

18 I_2 = (P*10**3) /((3) **(0.5) * (kV_2) * pf) //Load
cu r r e n t (A)

19 area_2 = I_2/J // Cross
−s e c t i o n a l a r ea o f the phase conduc to r (mmˆ2)

20 volume_2 = 3 * (area_2 /10**6) * (d*10**3) //
Volume o f c onduc t o r s ma t e r i a l (mˆ3)

21 R_2 = r * (d*10**3) /( area_2 * (10** -6)) //
Re s i s t a n c e per phase (ohm)

22 PL_2 = 3 * (I_2 **2) * (R_2 *10**( -3)) //Power
l o s s (kW)

23 area_ch = (area_1 -area_2)/area_1 *100 //
Change i n a r ea o f 22kV l e v e l from 11 kV l e v e l (%)

24 vol_ch = (volume_1 -volume_2)/volume_1 *100 //
Change i n volume o f 22kV l e v e l from 11 kV l e v e l (%
)

25 loss_ch = (PL_1 -PL_2)/PL_1 *100 //
Change i n l o s s e s o f 22kV l e v e l from 11 kV l e v e l (%
)

26

27 // Re su l t S e c t i o n
28 printf( ’ For 11 kV l e v e l : ’ )
29 printf( ’ Cross−s e c t i o n a l a r ea o f the phase conduc to r

= %d mmˆ2 ’ ,area_1)

30 printf( ’ Volume o f c onduc t o r s ma t e r i a l = %. 2 f mˆ3 ’ ,

volume_1)

31 printf( ’ Power l o s s = %. 2 f kW’ ,PL_1)

32 printf( ’ \nFor 22 kV l e v e l : ’ )
33 printf( ’ Cross−s e c t i o n a l a r ea o f the phase conduc to r

= %d mmˆ2 ’ ,area_2)

34 printf( ’ Volume o f c onduc t o r s ma t e r i a l = %. 2 f mˆ3 ’ ,

volume_2)
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35 printf( ’ Power l o s s = %. 2 f kW’ ,PL_2)

36 printf( ’ \nConductor s i z e has d e c r e a s e d by %. f
p e r c en t i n 22 kV l e v e l ’ ,area_ch)

37 printf( ’ Conductor volume has d e c r e a s e d by %. f
p e r c en t i n 22 kV l e v e l ’ ,vol_ch)

38 printf( ’ Conductor l o s s e s has d e c r e a s e d by %. f
p e r c en t i n 22 kV l e v e l ’ ,loss_ch)
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Chapter 4

ELECTRICAL
CHARACTERISTICS
MODELLING AND
PERFORMANCE OF AERIAL
TRANSMISSION LINES

Scilab code Exa 4.1 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 l = 10.0 // Length o f 1−phase l i n e (km)
4 d = 100.0 // Spac ing b/w conduc t o r s (cm)
5 r = 0.3 // Radius (cm)
6 u_r_1 = 1.0 // R e l a t i v e p e rme a b i l i t y o f copper
7 u_r_2 = 100.0 // R e l a t i v e p e rme a b i l i t y o f s t e e l
8

9 // Ca l c u l a t i o n S e c t i o n
10 r_1 = 0.7788*r //

Radius o f h y p o t h e t i c a l conduc to r (cm)
11 L_1 = 4 * 10**( -7) * log(d/r_1) //Loop

induc t an c e (H/m)
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12 L_T1 = L_1 * l * 10**6 //
Tota l l o op i nduc t an c e (mH)

13

14 L_2 = 4 * 10**( -7) * (log(d/r) + (u_r_2 /4))//Loop
induc t an c e (H/m)

15 L_T2 = L_2 * l * 10**6 //
Tota l l o op i nduc t an c e (mH)

16

17 // Re su l t S e c t i o n
18 printf( ’ ( i ) Tota l l o op i nduc t an c e o f copper

conduc to r = %. 2 f mH’ ,L_T1)

19 printf( ’ ( i i ) Tota l l o op i nduc t an c e o f s t e e l conduc to r
= %. 2 f mH’ ,L_T2)

Scilab code Exa 4.2 Example

1 // Va r i a b l e D e c l a r a t i o n
2 r = 0.4 // Radius o f conduc to r (cm)
3 h = 1000 // He ight o f l i n e (cm)
4

5 // Ca l c u l a t i o n S e c t i o n
6 d = 2*h

//
Spac ing between conduc t o r s (cm)

7 L = 2 * 10**( -4) * log(2*h/(0.7788*r)) * 1000 //
Induc tance o f conduc to r (mH/km)

8

9 // Re su l t S e c t i o n
10 printf( ’ I nduc tance o f the conduc to r = %. 3 f mH/km ’ ,L

)

Scilab code Exa 4.3 Example
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1

2 // Va r i a b l e D e c l a r a t i o n
3 d_ab = 4 // D i s t anc e b/w conduc to r a & b (m)
4 d_bc = 9 // D i s t anc e b/w conduc to r b & c (m)
5 d_ca = 6 // D i s t anc e b/w conduc to r c & a (m)
6 r = 1.0 // Radius o f each conduc to r (cm)
7

8 // Ca l c u l a t i o n S e c t i o n
9 D_m = (d_ab * d_bc * d_ca)**(1.0/3) //

Geometr ic mean s e p a r a t i o n (m)
10 r_1 = 0.7788 * (r/100) //

Radius o f h y p o t h e t i c a l conduc to r (m)
11 L = 2 * 10**( -7) * log(D_m/r_1) * 10**6 // Line

i nduc t an c e (mH/ phase /km)
12

13 // Re su l t S e c t i o n
14 printf( ’ L ine i nduc t an c e , L = %. 2 f mH/ phase /km ’ ,L)

Scilab code Exa 4.4 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 r = 1.0 // Radius o f each conduc to r (cm)
4 d_11 = 30 // D i s t anc e b/w conduc to r 1 & 1 ’ ( cm)
5 d_22 = 30 // D i s t anc e b/w conduc to r 2 & 2 ’ ( cm)
6 d_12 = 130 // D i s t anc e b/w conduc to r 1 & 2(cm)
7 d_122 = 160 // D i s t anc e b/w conduc to r 1 & 2 ’ ( cm)
8 d_112 = 100 // D i s t anc e b/w conduc to r 1 ’ & 2(cm)
9 d_1122 = 130 // D i s t anc e b/w conduc to r 1 ’ & 2 ’ ( cm)
10

11 // Ca l c u l a t i o n S e c t i o n
12 r_1 = 0.7788 * r //

Radius o f h y p o t h e t i c a l conduc to r (cm)
13 D_s = (d_11 * r_1 * d_22 * r_1)**(1.0/4) //

Geometr ic mean r a d i u s (cm)
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14 D_m = (d_12 * d_122 * d_112 * d_1122)**(1.0/4) //
Geometr ic mean s e p a r a t i o n (cm)

15 L = 4 * 10**( -7) * log(D_m/D_s) * 10**6 //Loop
induc t an c e (mH/km)

16

17 R = 2**0.5 //
Radius o f s i n g l e conduc to r (cm)

18 d = 130.0 //
Conductor p o s i t i o n (cm)

19 L_1 = 4*10**( -7)*log(d/(0.7788*R))*10**6 //Loop
induc t an c e (mH/km)

20 L_diff = (L_1 - L)/L*100 //
Change i n i nduc t an c e (%)

21 r_diff = D_s - R //
E f f e c t i v e r a d i u s d i f f e r e n c e

22

23

24 // Re su l t S e c t i o n
25 printf( ’ Loop i nduc t an c e , L = %. 3 f mH/km ’ ,L)

26 printf( ’ Loop i nduc t an c e hav ing two conduc t o r s on ly ,
L = %. 3 f mH/km ’ ,L_1)

27 printf( ’ There i s an I n c r e a s e o f %. f p e r c en t i n
i nduc t an c e va l u e ’ ,L_diff)

28 printf( ’ E f f e c t i v e r a d i u s o f bundled conduc t o r s i s
about %. 1 f t imes tha t o f unbundled system
r educ i n g f i e l d s t r e s s a lmost by tha t r a t i o ’ ,

r_diff)

Scilab code Exa 4.5 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 r = 1.5 // Radius o f each conduc to r (cm)
4 D_a1a2 = 0.3 // D i s t anc e b/w conduc to r a1 & a2 (m)
5 D_a2a1 = 0.3 // D i s t anc e b/w conduc to r a2 & a1 (m)
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6 D_a1b1 = 15.3 // D i s t anc e b/w conduc to r a1 & b1 (m)
7 D_a1b2 = 15.6 // D i s t anc e b/w conduc to r a1 & b2 (m)
8 D_a2b1 = 15.0 // D i s t anc e b/w conduc to r a2 & b1 (m)
9 D_a2b2 = 15.3 // D i s t anc e b/w conduc to r a2 & b2 (m)
10 D_b1c1 = 15.3 // D i s t anc e b/w conduc to r b1 & c1 (m)
11 D_b1c2 = 15.6 // D i s t anc e b/w conduc to r b1 & c2 (m)
12 D_b2c1 = 15.0 // D i s t anc e b/w conduc to r b2 & c1 (m)
13 D_b2c2 = 15.3 // D i s t anc e b/w conduc to r b2 & c2 (m)
14 D_a1c1 = 30.6 // D i s t anc e b/w conduc to r a1 & c1 (m)
15 D_a1c2 = 30.9 // D i s t anc e b/w conduc to r a1 & c2 (m)
16 D_a2c1 = 30.3 // D i s t anc e b/w conduc to r a2 & c1 (m)
17 D_a2c2 = 30.6 // D i s t anc e b/w conduc to r a2 & c2 (m)
18

19 // Ca l c u l a t i o n S e c t i o n
20 r_1 = 0.7788 * (r/100)

// Radius o f h y p o t h e t i c a l conduc to r (m)
21 D_s = (D_a1a2 * r_1 * D_a2a1 * r_1)**(1.0/4)

// Geometr ic mean r a d i u s (m)
22 D_ab = (D_a1b1 * D_a1b2 * D_a2b1 * D_a2b2)**(1.0/4)

//Mutual GMD b/w conduc to r a & b (m)
23 D_bc = (D_b1c1 * D_b1c2 * D_b2c1 * D_b2c2)**(1.0/4)

//Mutual GMD b/w conduc to r b & c (m)
24 D_ca = (D_a1c1 * D_a1c2 * D_a2c1 * D_a2c2)**(1.0/4)

//Mutual GMD b/w conduc to r c & a (m)
25 D_m = (D_ab * D_bc * D_ca)**(1.0/3)

// Geometr ic mean s e p a r a t i o n (m)
26 L = 2 * 10**( -4) * log(D_m/D_s) * 1000 //

Induc tance (mH/km)
27

28 // Re su l t S e c t i o n
29 printf( ’ I nduc tance / phase /km = %. 3 f mH/km ’ ,L)

Scilab code Exa 4.6 Example

1
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2 // pa r t − I
3 // Dsa = GMR o f phase a i n s e c t i o n − I
4 // ( r ’ Da1a2 ) ( Da1a2r ’ ) ˆ ( 1 /4 ) = s q r t ( r ’ Da1a2 )
5 // Da1a2 = s q r t (Dˆ2 + 4d ˆ2)
6 printf(” Dsa = s q r t ( r ∗ s q r t (Dˆ2 + 4∗d ˆ2) ) ”)
7

8 // Dsb = GMR o f phase b i n s e c t i o n − I I
9 // Dsb = s q r t ( r ∗ Db1b2 )
10 // Db1b2 = D
11

12 printf(” Dsb = s q r t ( rD ) ”)
13

14 // Dsc = GMR o f phase c i n s e c t i o n − I
15 // = s q r t ( r ’ Dc1c2 )
16 // Dc1c2 = s q r t (Dˆ2 + rd ˆ2)
17 printf(” Dsc = s q r t ( r ∗ s q r t (Dˆ2 + 4∗d ˆ2) ) ”)
18

19 // pa r t − I I
20 // Dab = Mutual GMD between phase a and b in s e c t i o n

I o f the t r a s p o r t a t i o n c y c l e .
21

22 printf(” Dab = s q r t ( d ∗ s q r t ( dˆ2 + Dˆ2) ) ”)
23 printf(” Dbc = s q r t ( d ∗ s q r t ( dˆ2 + Dˆ2) ) ”)
24 printf(” Dca = s q r t (2 d ∗ D) ”)
25

26 // pa r t − I I I
27 // GMD f o r f i c t i t i o u s e q u i l a t e r a l s p a c i n g
28

29 printf ( ” Ds = ( r ) ˆ ( 1/2 ) ∗ (Dˆ2 ∗ 4d ˆ2) ˆ ( 1/6 ) ∗D
ˆ(1/6 ) ”)

30 // so the i nduc t an c e per phase i s ,
31

32 printf(” L = 2 ∗ 10ˆ−4 ∗ l o g ( ( 2 ˆ ( 1 / 6 ) ∗ (Dˆ2+dˆ2)
ˆ ( 1/6 ) ∗ d ˆ ( 1/2 ) ) /( r ˆ ( 1/2 ) ∗ (Dˆ2 + 4d ˆ2) ˆ ( 1/6 ) ) )
H/km” )
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Scilab code Exa 4.7 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 r = 0.6 // Radius o f each conduc to r (cm)
4 d = 150 // S epa r a t i o n d i s t a n c e (cm)
5 L = 40*10**3 // Length o f overhead l i n e (m)
6 f = 50 // Frequency ( Hertz )
7 v = 50*10**3 // System vo l t a g e (V)
8

9 // Ca l c u l a t i o n S e c t i o n
10 C_ab = (%pi * 8.854 * 10**( -12))/(log(d/r)) * L //

Capac i t ance b/w conduc t o r s (F)
11 I = complex(0,v * 2 * %pi * f * C_ab)

// Charg ing c u r r e n t l e a d s v o l t a g e
by 90 (A)

12

13 // Re su l t S e c t i o n
14 printf( ’ Capac i t ance between two conduc t o r s , C ab =

%. 3 e F ’ ,C_ab)

15 printf( ’ Charg ing c u r r e n t , I = j% . 3 f A ’ ,imag(I))

Scilab code Exa 4.8 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 r = 0.015 // Radius o f each conduc to r (m)
4 D_a1a2 = 0.3 // D i s t anc e b/w conduc to r a1 & a2 (m)
5 D_a2a1 = 0.3 // D i s t anc e b/w conduc to r a2 & a1 (m)
6 D_a1b1 = 15.3 // D i s t anc e b/w conduc to r a1 & b1 (m)
7 D_a1b2 = 15.6 // D i s t anc e b/w conduc to r a1 & b2 (m)
8 D_a2b1 = 15.0 // D i s t anc e b/w conduc to r a2 & b1 (m)
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9 D_a2b2 = 15.3 // D i s t anc e b/w conduc to r a2 & b2 (m)
10 D_b1c1 = 15.3 // D i s t anc e b/w conduc to r b1 & c1 (m)
11 D_b1c2 = 15.6 // D i s t anc e b/w conduc to r b1 & c2 (m)
12 D_b2c1 = 15.0 // D i s t anc e b/w conduc to r b2 & c1 (m)
13 D_b2c2 = 15.3 // D i s t anc e b/w conduc to r b2 & c2 (m)
14 D_a1c1 = 30.6 // D i s t anc e b/w conduc to r a1 & c1 (m)
15 D_a1c2 = 30.9 // D i s t anc e b/w conduc to r a1 & c2 (m)
16 D_a2c1 = 30.3 // D i s t anc e b/w conduc to r a2 & c1 (m)
17 D_a2c2 = 30.6 // D i s t anc e b/w conduc to r a2 & c2 (m)
18

19 // Ca l c u l a t i o n S e c t i o n
20 D_s = (D_a1a2 * r * D_a2a1 * r)**(1.0/4)

// Geometr ic mean r a d i u s (m)
21 D_ab = (D_a1b1 * D_a1b2 * D_a2b1 * D_a2b2)**(1.0/4)

//Mutual GMD b/w conduc to r a & b (m)
22 D_bc = (D_b1c1 * D_b1c2 * D_b2c1 * D_b2c2)**(1.0/4)

//Mutual GMD b/w conduc to r b & c (m)
23 D_ca = (D_a1c1 * D_a1c2 * D_a2c1 * D_a2c2)**(1.0/4)

//Mutual GMD b/w conduc to r c & a (m)
24 D_m = (D_ab * D_bc * D_ca)**(1.0/3)

// Geometr ic mean s e p a r a t i o n
(m)

25 C_n = 2 * %pi * 8.854 * 10**( -9) /(log(D_m/D_s)) //
Capac i t ance per phase (F/km)

26

27 // Re su l t S e c t i o n
28 printf( ’ Capac i t ance per phase , C n = %. 3 e F/km ’ ,

C_n)

Scilab code Exa 4.9 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 r = 0.015 // Radius o f each conduc to r (m)
4 D_ab = 15 // Ho r i z o n t a l d i s t a n c e b/w conduc to r a &
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b (m)
5 D_bc = 15 // Ho r i z o n t a l d i s t a n c e b/w conduc to r b &

c (m)
6 D_ac = 30 // Ho r i z o n t a l d i s t a n c e b/w conduc to r a &

c (m)
7

8 // Ca l c u l a t i o n S e c t i o n
9 D_m = (D_ab * D_bc * D_ac)**(1.0/3)

// Geometr ic mean s e p a r a t i o n
(m)

10 D_s = 2**(1.0/2) * r

// Geometr ic
mean r a d i u s (m)

11 C_n = 2 * %pi * 8.854 * 10**( -9) /(log(D_m/D_s)) //
Capac i t ance / phase /km(F/km)

12

13 // Re su l t S e c t i o n
14 printf( ’ Capac i t ance per phase , C n = %. 3 e F/km ’ ,

C_n)

Scilab code Exa 4.10 Example

1

2

3 // c a l c u l a t i o n o f GMD , Dm
4 // Dab = ( da1b1 ∗ da1b2 ∗ da2b1 ∗ da2b2 ) ∗ ( 1 /4 ) = (

gkkg ) ˆ ( 1/2 ) = s q r t ( gk )
5 // Induc tance / phase = 2 ∗ 10ˆ−7 l o g ( Dm / Ds )
6

7 printf(” Induc tance / phase = 2 ∗ 10ˆ−7 / 3 ∗ l o g ( g ˆ2∗k
ˆ2∗h∗d /( r ˆ3∗ f ˆ2∗m) ) H/m”)

8

9 // Capac i t ance / phase = 2∗%pi∗%e/( l o g (Dm/Ds ) )
10

11 disp(” Capac i t ance / phase = 6∗%pi∗%e / ( l o g ( g ˆ2∗kˆ2∗h∗
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d /( r ˆ3∗ f ˆ2∗m) ) ) F/m”)

Scilab code Exa 4.11 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 h = 5 // He ight o f conduc to r above ground (m)
4 d = 1.5 // Conductor s p a c i n g (m)
5 r = 0.006 // Radius o f conduc to r (m)
6

7 // Ca l c u l a t i o n S e c t i o n
8 C_AB = %pi * 8.854*10** -9/ log(d/(r*(1+((d*d)/(4*h*h)

))**0.5)) // Capac i t ance with e f f e c t o f e a r t h (F/
km)

9 C_AB1 = %pi * 8.854*10** -9/ log(d/r)

// Capac i t ance i g n o r i n g
e f f e c t o f e a r t h (F/km)

10 ch = (C_AB - C_AB1)/C_AB * 100

//Change
i n c a p a c i t a n c e with e f f e c t o f e a r t h (%)

11

12

13 // Re su l t S e c t i o n
14 printf( ’ L ine c a p a c i t a n c e with e f f e c t o f e a r t h , C AB

= %. 3 e F/km ’ ,C_AB)

15 printf( ’ L ine c a p a c i t a n c e i g n o r i n g e f f e c t o f e a r t h ,
C AB = %. 3 e F/km ’ ,C_AB1)

16 printf( ’With e f f e c t o f e a r t h s l i g h t i n c r e a s e i n
c a p a c i t a n c e = %. 1 f p e r c en t ’ ,ch)

Scilab code Exa 4.12 Example

1
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2 // Va r i a b l e D e c l a r a t i o n
3 R = 0.16 // Re s i s t a n c e (ohm)
4 L = 1.26*10**( -3) // Induc tance (H)
5 C = 8.77*10**( -9) // Capac i t ance (F)
6 l = 200.0 // Length o f l i n e (km)
7 P = 50.0 //Power (MVA)
8 pf = 0.8 // Lagg ing power f a c t o r
9 V_r = 132000.0 // Re c e i v i n g end v o l t a g e (V)
10 f = 50.0 // Frequency (Hz )
11

12 // Ca l c u l a t i o n S e c t i o n
13 w = 2 * %pi * f

14 z = complex(R, w*L) // S e r i e s impedance per
phase per km(ohm)

15 y = complex(0, w*C) // Shunt admit tance per
phase per km(mho)

16

17 g = (y*z)**(0.5) // p ropaga t i on c on s t an t (/
km)

18 gl = g * l

19 Z_c = (z/y)**(0.5) // Surge impedance (ohm)
20

21 cosh_gl = cosh(gl)

22 sinh_gl = sinh(gl)

23

24 A = cosh_gl

25 B = Z_c * sinh_gl

26 C = (sinh_gl/Z_c)

27 D = cosh_gl

28

29 fi = acos(pf)

//Power
f a c t o r ang l e ( r a d i a n s )

30 V_R = V_r /(3**0.5)

//
Rec e i v i n g end v o l t a g e (V)

31 I_R = (P*10**6/((3**0.5)*V_r))*(pf - complex(0,sin(

fi)))// Re c e i v i n g end cu r r e n t (A)
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32 V_S = (A*V_R + B*I_R)

// Sending
end v o l t a g e (V/ phase )

33 V_S_L = V_S * (3**0.5) *10** -3

// Sending end l i n e
v o l t a g e (kV)

34 I_S = C*V_R + D*I_R

//
Sending end cu r r e n t (A)

35 pf_S = cos(( phasemag(I_S)*%pi /180) - (phasemag(V_S)*

%pi /180)) // Sending end power f a c t o r
36 P_S = abs(V_S*I_S)*pf_S *10** -6

// Sending end power
/ phase (MW)

37 P_R = (P/3)*pf

//
Rec e i v i n g end power / phase (MW)

38 P_L = 3*(P_S - P_R)

// Tota l
l i n e l o s s (MW)

39

40

41 // Re su l t S e c t i o n
42 printf( ’ Send ing end v o l t a g e , V S = %. 2 f % . 2 f kV

/ phase ’ ,abs(V_S *10** -3),phasemag(V_S))

43 printf( ’ Send ing end l i n e v o l t a g e = %. 2 f kV ’ ,abs(

V_S_L))

44 printf( ’ Send ing end cu r r e n t , I S = %. 2 f % . 2 f A ’
,abs(I_S),phasemag(I_S))

45 printf( ’ Send ing end power f a c t o r = %. 2 f l a g g i n g ’ ,

pf_S)

46 printf( ’ Tota l t r a n sm i s s i o n l i n e l o s s = %. 3 f MW’ ,P_L

)

47 printf( ’NOTE : Answers a r e s l i g h t l y d i f f e r e n t
because o f round ing e r r o r . ’ )
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Scilab code Exa 4.13 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 R = 0.1 // Re s i s t a n c e / phase /km(ohm)
4 D_m = 800.0 // Spac ing b/w conduc t o r s (cm)
5 d = 1.5 // Diameter o f each conduc to r (cm)
6 l = 300.0 // Length o f t r a n sm i s s i o n l i n e (km)
7 f = 50.0 // Frequency (Hz )
8

9 // Ca l c u l a t i o n S e c t i o n
10 L = 2*10**( -4)*log(D_m *2/d) //

Induc tance / phase /km(H)
11 C = 2*%pi *8.854*10**( -9)/log(D_m *2/d) // Capac i t ance

/ phase /km(F)
12 w = 2 * %pi * f

13 z = complex(R, w*L) //
S e r i e s impedance per phase per km(ohm/km)

14 y = complex(0, w*C) //
Shunt admit tance per phase per km(mho/km)

15 g = (y*z)**(0.5) //
p ropaga t i on c on s t an t (/km)

16 gl = g * l

17 Z_c = (z/y)**(0.5) //
Surge impedance (ohm)

18 sinh_gl = sinh(gl)

19 tanh_gl = tanh(gl/2)

20 Z_S = Z_c * sinh_gl //
S e r i e s impedance (ohm)

21 Y_P = (1/Z_c)*tanh(gl/2) // P i l l a r
admi t tance (mho)

22

23 // Re su l t S e c t i o n
24 printf( ’ Va lues o f e qu i v a l e n t−p i network a r e : ’ )

25



25 printf( ’ S e r i e s impedance , Z S = (%. 2 f + j% . 2 f ) ohm ’
,real(Z_S),imag(Z_S))

26 printf( ’ P i l l a r admit tance , Y P = %. 2 e % . 2 f mho
= j% . 2 e mho ’ ,abs(Y_P),phasemag(Y_P),imag(Y_P))

27 printf( ’NOTE : Answers a r e s l i g h t l y d i f f e r e n t
because o f round ing e r r o r . ’ )

Scilab code Exa 4.14 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 V_r = 220000.0 // Vo l tage (V)
4 P = 100.0 //Power (MW)
5 r = 0.08 // S e r i e s r e s i s t a n c e (ohm)
6 x = 0.8 // S e r i e s r e a c t a n c e (ohm)
7 s = 6.0*10**( -6) // Shunt s u s c e p t an c e (mho)
8 pf = 0.8 //Power f a c t o r l a g g i n g
9 l_1 = 60.0 // Transmi s s i on l e n g t h (km) f o r c a s e (

i )
10 l_2 = 200.0 // Transmi s s i on l e n g t h (km) f o r c a s e (

i i )
11 l_3 = 300.0 // Transmi s s i on l e n g t h (km) f o r c a s e (

i i i )
12 l_4 = 500.0 // Transmi s s i on l e n g t h (km) f o r c a s e (

i v )
13

14 // Ca l c u l a t i o n S e c t i o n
15 z = complex(r,x)

// S e r i e s impedance /km(ohm)
16 y = complex(0,s)

// Shunt admit tance /km(mho)
17 theta_R = acos(pf)

18 P_R = P/3
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// Act i v e power at r e c e i v i n g end/ phase (MW)
19 Q_R = (P/3)*tan(theta_R)

// Reac t i v e
power at r e c e i v i n g end/ phase (MVAR)

20 V_R = V_r /(3**0.5)

// Re c e i v i n g end v o l t a g e / phase (V)
21 I_R = P*10**6/((3**0.5)*V_r*pf)*(pf - complex(0,sin(

theta_R)))// Re c e i v i n g end cu r r e n t (A)
22 Z_c = (z/y)**(0.5)

// Surge impedance (ohm)
23

24 A_1 = 1

// Constant A
25 B_1 = z*l_1

//
Constant B(ohm)

26 C_1 = 0

// Constant C(mho)
27 D_1 = A_1

//
Constant D

28 V_S_1 = A_1*V_R + B_1*I_R

// Sending end
v o l t a g e (V/ phase )

29 I_S_1 = I_R

//
Sending end cu r r e n t (A)

30 theta_S_1 = (phasemag(I_S_1)*%pi /180) - (phasemag(

V_S_1)*%pi /180) // Sending end power f a c t o r
31 P_S_1 = abs(V_S_1*I_S_1)*cos(theta_S_1)*10** -6

// Sending end power (MW)
32 n_1 = (P_R/P_S_1)*100

// Transmi s s i on
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e f f i c i e n c y (%)
33 reg_1 = (abs(V_S_1/A_1) - V_R)/V_R *100

// Regu l a t i on (%)
34 Q_S_1 = V_S_1 * conj(I_S_1)*10** -6 //

Sending end r e a c t i v e power (MVAR)
35 Q_line_1 = imag(Q_S_1) - Q_R

// Reac t i v e power
absorbed by l i n e (MVAR)

36

37 Z_S_2 = z*l_2

38 Y_P_2 = y*l_2/2

39 A_2 = 1 + Y_P_2*Z_S_2

40 B_2 = Z_S_2

41 C_2 = Y_P_2 *(2 + Y_P_2*Z_S_2)

42 D_2 = A_2

43 V_S_2 = A_2*V_R + B_2*I_R // Sending end
v o l t a g e (V/ phase )

44 I_S_2 = C_2*V_R + D_2*I_R // Sending end
cu r r e n t (A)

45 S_S_2 = V_S_2*conj(I_S_2)*10** -6 // Sending end
complex power (MVA)

46 P_S_2 = real(S_S_2) //Power at
s end ing end (MW)

47 n_2 = (P_R/P_S_2)*100 //
Transmi s s i on e f f i c i e n c y (%)

48 reg_2 = (abs(V_S_2/A_2) - V_R)/V_R *100 // Regu l a t i on (
%)

49 Q_line_2 = imag(S_S_2) - Q_R // Reac t i v e
power absorbed by l i n e (MVAR)

50

51 g_3 = (y*z)**(0.5) // p ropaga t i on
c on s t an t (/km)

52 gl_3 = g_3 * l_3

53 cosh_gl_3 = cosh(gl_3)

54 sinh_gl_3 = sinh(gl_3)

55 A_3 = cosh_gl_3

56 B_3 = Z_c * sinh_gl_3

57 C_3 = sinh_gl_3/Z_c
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58 D_3 = cosh_gl_3

59 V_S_3 = A_3*V_R + B_3*I_R // Sending end
v o l t a g e (V/ phase )

60 I_S_3 = C_3*V_R + D_3*I_R // Sending end
cu r r e n t (A)

61 S_S_3 = V_S_3*conj(I_S_3)*10** -6 // Sending end
complex power (MVA)

62 P_S_3 = real(S_S_3) //Power at
s end ing end (MW)

63 n_3 = (P_R/P_S_3)*100 //
Transmi s s i on e f f i c i e n c y (%)

64 reg_3 = (abs(V_S_3/A_3) - V_R)/V_R *100 // Regu l a t i on (
%)

65 Q_line_3 = imag(S_S_3) - Q_R // Reac t i v e
power absorbed by l i n e (MVAR)

66

67 g_4 = (y*z)**(0.5) // p ropaga t i on
c on s t an t (/km)

68 gl_4 = g_4 * l_4

69 cosh_gl_4 = cosh(gl_4)

70 sinh_gl_4 = sinh(gl_4)

71 A_4 = cosh_gl_4

72 B_4 = Z_c * sinh_gl_4

73 C_4 = sinh_gl_4/Z_c

74 D_4 = cosh_gl_4

75 V_S_4 = A_4*V_R + B_4*I_R // Sending end
v o l t a g e (V/ phase )

76 I_S_4 = C_4*V_R + D_4*I_R // Sending end
cu r r e n t (A)

77 S_S_4 = V_S_4*conj(I_S_4)*10** -6 // Sending end
complex power (MVA)

78 P_S_4 = real(S_S_4) //Power at
s end ing end (MW)

79 n_4 = (P_R/P_S_4)*100 //
Transmi s s i on e f f i c i e n c y (%)

80 reg_4 = (abs(V_S_4/A_4) - V_R)/V_R *100 // Regu l a t i on (
%)

81 Q_line_4 = imag(S_S_4) - Q_R // Reac t i v e
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power absorbed by l i n e (MVAR)
82

83 // Re su l t S e c t i o n
84 printf( ’ Case ( i ) : For Length = 60 km ’ )
85 printf( ’ E f f i c i e n c y , n = %. 2 f p e r c en t ’ ,n_1)

86 printf( ’ R egu l a t i on = %. 3 f p e r c en t ’ ,reg_1)

87 printf( ’ Rea c t i v e power at s end ing end , Q S = %. 2 f
MVAR’ ,imag(Q_S_1))

88 printf( ’ Rea c t i v e power absorbed by l i n e , Q l i n e = %
. 2 f MVAR’ ,Q_line_1)

89 printf( ’ \nCase ( i i ) : For Length = 200 km ’ )
90 printf( ’ E f f i c i e n c y , n = %. 2 f p e r c en t ’ ,n_2)

91 printf( ’ R egu l a t i on = %. 2 f p e r c en t ’ ,reg_2)

92 printf( ’ Rea c t i v e power at s end ing end , Q S = %. 2 f
MVAR’ ,imag(S_S_2))

93 printf( ’ Rea c t i v e power absorbed by l i n e , Q l i n e = %
. 2 f MVAR’ ,Q_line_2)

94 printf( ’ \nCase ( i i i ) : For Length = 300 km ’ )
95 printf( ’ E f f i c i e n c y , n = %. 2 f p e r c en t ’ ,n_3)

96 printf( ’ R egu l a t i on = %. 2 f p e r c en t ’ ,reg_3)

97 printf( ’ Rea c t i v e power at s end ing end , Q S = %. 2 f
MVAR’ ,imag(S_S_3))

98 printf( ’ Rea c t i v e power absorbed by l i n e , Q l i n e = %
. 2 f MVAR’ ,Q_line_3)

99 printf( ’ \nCase ( i v ) : For Length = 500 km ’ )
100 printf( ’ E f f i c i e n c y , n = %. 2 f p e r c en t ’ ,n_4)

101 printf( ’ R egu l a t i on = %. 2 f p e r c en t ’ ,reg_4)

102 printf( ’ Rea c t i v e power at s end ing end , Q S = %. 2 f
MVAR’ ,imag(S_S_4))

103 printf( ’ Rea c t i v e power absorbed by l i n e , Q l i n e = %
. 2 f MVAR’ ,Q_line_4)

104 printf( ’ \nNOTE : ERROR : Ca l c u l a t i o n mi s take i n c a s e
( i v ) e f f i c i e n c y i n t ex tbook ’ )

Scilab code Exa 4.16 Example
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1

2 // Va r i a b l e D e c l a r a t i o n
3 A = 0.8* exp(%i*1.4* %pi /180) // Line c on s t an t
4 B = 326.0* exp(%i *84.8* %pi /180) // Line c on s t an t (ohm)
5 V_R = 220.0 //

Rec e i v i n g end v o l t a g e (kV)
6 V_S = 220.0 // Sending

end v o l t a g e (kV)
7 P = 75.0 //Power (

MVA) f o r c a s e ( a )
8 pf = 0.8 //Power

f a c t o r l a g g i n g
9

10 a = phasemag(A)*%pi /180 //
Phase ang l e o f A( r ad i an )

11 b = phasemag(B)*%pi /180 //
Phase ang l e o f B( r ad i an )

12

13 // Ca l c u l a t i o n S e c t i o n
14 P_R = P * pf

// Act i v e power demanded by l oad (MW)
15 P_React = P *(1-pf**2) **0.5

// Reac t i v e power demanded by l oad (MVAR)
16 cos_b_delta_1 = P_R*abs(B)/(V_R*V_S) + abs(A)*cos(b-

a) // co s ( b−d e l t a ) [ i n
r a d i a n s ]

17 delta_1 = b - acos(cos_b_delta_1)

//
d e l t a ( r a d i a n s )

18 Q_R_1 = (V_R*V_S/abs(B))*sin(b-delta_1) - (abs(A)*

V_R **2/ abs(B))*sin(b-a) // Reac t i v e power at
s end ing end (MVAR)

19 Reactive_power_1 = P_React - Q_R_1

// Reac t i v e power to be s u pp l i e d by compensat ing
equipment (MVAR)
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20

21 cos_b_delta_2 = (abs(A)*V_R/V_S)*cos(b-a)

// co s ( b−
d e l t a ) [ i n r a d i a n s ]

22 delta_2 = b - acos(cos_b_delta_2)

//
d e l t a ( r a d i a n s )

23 Q_R_2 = (V_R*V_S/abs(B))*sin(b-delta_2) - (abs(A)*

V_R **2/ abs(B))*sin(b-a) // Reac t i v e power at
s end ing end (MVAR)

24 Reactive_power_2 = Q_R_2

// Reac t i v e power to be absorbed by compensat ing
equipment (MVAR)

25

26 // Re su l t S e c t i o n
27 printf( ’ ( a ) Rea c t i v e VARs to be s u pp l i e d by

compensat ing equipment = %. 2 f MVAR’ ,

Reactive_power_1)

28 printf( ’ ( b ) Reac t i v e VARs to be absorbed by
compensat ing equipment = %. 2 f MVAR’ ,

Reactive_power_2)

Scilab code Exa 4.17 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 r = 25.0 // Re s i s t a n c e / phase (ohm)
4 x = 90.0 // Reactance / phase (ohm)
5 V_S = 145.0 // Sending end v o l t a g e (kV)
6 V_R = 132.0 // Re c e i v i n g end v o l t a g e (kV)
7 P_R_1 = 0 //Power (MW)
8 P_R_2 = 50.0 //Power (MW)
9

10 // Ca l c u l a t i o n S e c t i o n
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11 A = 1.0* exp(%i*0*%pi /180) // Line c on s t an t
12 B = complex(r,x) // Line

c on s t an t (ohm)
13 a = phasemag(A)*%pi /180 //

Phase ang l e o f A( r ad i an )
14 b = phasemag(B)*%pi /180 //

Phase ang l e o f B( r ad i an )
15

16 cos_b_delta_1 = (V_R/V_S)*cos(b-a)

17 delta_1 = b - acos(cos_b_delta_1)

18 Q_R_1 = (V_R*V_S/abs(B))*sin(b-delta_1) - (abs(A)*

V_R **2/ abs(B))*sin(b-a)

19

20 cos_b_delta_2 = (P_R_2*abs(B)/(V_R*V_S))+(abs(A)*V_R

/V_S)*cos(b-a)

21 delta_2 = (b - acos(cos_b_delta_2))

22 Q_R_2 = (V_R*V_S/abs(B))*sin(b-delta_2) -(abs(A)*V_R

**2/ abs(B))*sin(b-a) // Reac t i v e power a v a i l a b l e
at r e c e i v i n g end (MVAR)

23 Q_S_2 = Q_R_1 + Q_R_2

// Reac t i v e power to be s u pp l i e d by equipment (MVAR
)

24 pf = cos(atan(Q_S_2/P_R_2))

//
Power f a c t o r

25

26 // Re su l t S e c t i o n
27 printf( ’ Rat ing o f d e v i c e = %. 2 f MVAR’ ,Q_R_1)

28 printf( ’ Power f a c t o r = %. 2 f l a g g i n g ’ ,pf)

Scilab code Exa 4.18 Example

1

2 // Va r i a b l e D e c l a r a t i o n
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3 A = 0.9* exp(%i*1.0* %pi /180) // Line c on s t an t
4 B = 143.0* exp(%i *84.5* %pi /180) // Line c on s t an t (ohm)
5 V_R = 220.0 //

Rec e i v i n g end v o l t a g e (kV)
6 V_S = 240.0 // Sending

end v o l t a g e (kV)
7 P = 100.0 //Power (

MVA)
8 pf = 0.8 //Power

f a c t o r l a g g i n g
9

10 a = phasemag(A)*%pi /180 //
Phase ang l e o f A( r ad i an )

11 b = phasemag(B)*%pi /180 //
Phase ang l e o f B( r ad i an )

12

13 // Ca l c u l a t i o n S e c t i o n
14 P_R = P * pf

// Act i v e power at r e c e i v i n g end (MW)
15 cos_b_delta = (P_R*abs(B)/(V_R*V_S))+(abs(A)*V_R/V_S

)*cos(b-a) // co s ( b−d e l t a ) [ i n r a d i a n s ]
16 delta_1 = (b - acos(cos_b_delta))

17 Q_R = (V_R*V_S/abs(B))*sin(b-delta_1)-(abs(A)*V_R

**2/ abs(B))*sin(b-a) // Reac t i v e power at
r e c e i v i n g end (MVAR)

18 P_Re = P *(1-pf**2) **0.5

// Reac t i v e power (MVAR)
19 rating = P_Re - Q_R

// Rat ing o f phase mod i f i e r (MVAR)
20

21 delta_2 = b

//Maximum power i s r e c e i v e d when d e l t a = b
22 P_Rmax = (V_R*V_S/abs(B)) -(abs(A)*V_R **2/ abs(B))*cos

(b-a) //Maximum power at
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r e c e i v i n g end (MW)
23 Q_R = -(abs(A/B)*V_R **2)*sin(b-a)

//
Reac t i v e power at r e c e i v e end (MVAR)

24 P_S = (V_S **2* abs(A/B))*cos(b-a)-(V_S*V_R/abs(B))*

cos(b+delta_2) // Sending end power (MW)
25 n_line = (P_Rmax/P_S)*100

// Line e f f i c i e n c y (%)
26

27 // Re su l t S e c t i o n
28 printf( ’ Case ( a ) : ’ )
29 printf( ’ Rat ing o f phase mod i f i e r = %. 3 f MVAR’ ,

rating)

30 printf( ’ Power ang l e , d e l t a = %. 2 f ’ ,(delta_1 *180/

%pi))

31 printf( ’ \nCase ( b ) : ’ )
32 printf( ’Maximum power at r e c e i v e end , P Rmax = %. 2 f

MW’ ,P_Rmax)

33 printf( ’ Rea c t i v e power a v a i l a b l e , Q R = %. 2 f MVAR’
,Q_R)

34 printf( ’ L ine e f f i c i e n c y = %. 2 f p e r c en t ’ ,n_line)

Scilab code Exa 4.19 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 A = 0.96* exp(%i*1.0* %pi /180) // Line c on s t an t
4 B = 100.0* exp(%i *83.0* %pi /180) // Line c on s t an t (ohm)
5 V_R = 110.0 //

Rec e i v i n g end v o l t a g e (kV)
6 V_S = 110.0 // Sending

end v o l t a g e (kV)
7 pf = 0.8 //Power

f a c t o r l a g g i n g
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8 delta = 15* %pi /180 //Power ang l e (
r a d i a n s )

9

10 // Ca l c u l a t i o n S e c t i o n
11 a = phasemag(A)*%pi /180 //

Phase ang l e o f A( r ad i an )
12 b = phasemag(B)*%pi /180 //

Phase ang l e o f B( r ad i an )
13

14 P_R = (V_R*V_S/abs(B))*cos(b-delta) - (abs(A/B)*V_R

**2)*cos(b-a) // Act i v e power at r e c e i v i n g end (MW)
15 Q_RL = P_R*tan(acos(pf))

//
Reac t i v e power demanded by l oad (MVAR)

16

17 Q_R = (V_R*V_S/abs(B))*sin(b-delta) - (abs(A/B)*V_R

**2)*sin(b-a) // Reac t i v e power (MVAR)
18 rating = Q_RL - Q_R

// Rat ing o f d e v i c e (MVAR)
19

20 P_S = (V_S **2* abs(A/B))*cos(b-a) - (V_R*V_S/abs(B))*

cos(b+delta) // Sending end a c t i v e power (MW)
21 n_line = (P_R/P_S)*100

// E f f i c i e n c y o f l i n e (%)
22

23 Q_S = (V_S **2* abs(A/B))*sin(b-a) - (V_R*V_S/abs(B))*

sin(b+delta) // Sending end r e a c t i v e power (MVAR)
24

25 // Re su l t S e c t i o n
26 printf( ’ ( i ) Ac t i v e power demanded by l oad , P R = %

. 2 f MW’ ,P_R)

27 printf( ’ Rea c t i v e power demanded by l oad , Q RL
= %. 2 f MVAR’ ,Q_RL)

28 printf( ’ ( i i ) Rat ing o f the d e v i c e , Q R = %. 2 f MVAR’
,rating)

29 printf( ’ ( i i i ) E f f i c i e n c y o f l i n e = %. 2 f p e r c en t ’ ,
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n_line)

30 printf( ’ ( i v ) Rea c t i v e power s u pp l i e d by s ou r c e and
l i n e , Q S = %. 2 f MVAR’ ,Q_S)
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Chapter 5

OVERHEAD LINE
CONSTRUCTION

Scilab code Exa 5.1 Example

1 // Va r i a b l e D e c l a r a t i o n
2 L = 250.0 //Span (m)
3 d = 1.1*10** -2 // Conductor d i amete r (m)
4 w = 0.650*9.81 // Conductor we ight (N/m)
5 bl = 7000.0 // Break ing l oad ( kg )
6 sf = 2 // Sa f e t y f a c t o r
7 P_w_2 = 350.0 //Wind p r e s s u r e (N/mˆ2) f o r c a s e (

i i )
8 P_w_3 = 400.0 //Wind p r e s s u r e (N/mˆ2) f o r c a s e (

i i i )
9 t_3 = 10.0** -2 // Th i ckne s s o f i c e c o v e r i n g (m)

f o r c a s e ( i i i )
10 w_ice = 915.0 // I c e we ight ( kg/mˆ3)
11

12 // Ca l c u l a t i o n S e c t i o n
13 T_0 = (bl/sf)*9.81 // A l l owab l e t e n s i o n (N)
14

15 S_1 = (T_0/w)*(cosh(w*L/(2* T_0)) -1) // Sag (m
)
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16 S_1_1 = (w*L**2) /(8* T_0) //
Sag u s i n g p a r a b o l i c e qua t i on (m)

17

18 F_w_2 = P_w_2 * d //
Wind f o r c e (N/m)

19 w_t_2 = (w**2 + F_w_2 **2) **0.5 //
Tota l f o r c e on conduc to r (N/m)

20 S_2 = (T_0/w_t_2)*(cosh(w_t_2*L/(2* T_0)) -1) // Sag (m
)

21 S_2_2 = w_t_2*L**2/(8* T_0) //
Sag u s i n g p a r a b o l i c e qua t i on (m)

22 alpha_2 = atan(F_w_2/w) // w t
i n c l i n e d v e r t i c a l ang l e ( r a d i a n s )

23 S_v_2 = S_2 * cos(alpha_2) //
V e r t i c a l component o f sag (m)

24

25 D_3 = d + 2*t_3 //
Diameter o f conduc to r with i c e (m)

26 F_w_3 = P_w_3 * D_3 //
Wind f o r c e (N/m)

27 w_ice_3 = (%pi/4)*(D_3**2 - d**2)*w_ice *9.81 //
Weight o f i c e (N/m)

28 w_t_3 = ((w+w_ice_3)**2 + F_w_3 **2) **0.5 //
Tota l f o r c e on conduc to r (N/m)

29 S_3 = (T_0/w_t_3)*(cosh(w_t_3*L/(2* T_0)) -1) // Sag (m
)

30 S_3_3 = w_t_3*L**2/(8* T_0) //
Sag u s i n g p a r a b o l i c e qua t i on (m)

31 alpha_3 = atan(F_w_3 /(w+w_ice_3)) // w t
i n c l i n e d v e r t i c a l ang l e ( r a d i a n s )

32 S_v_3 = S_3 * cos(alpha_3) //
V e r t i c a l component o f sag (m)

33

34 // Re su l t S e c t i o n
35 printf( ’ Case ( i ) : ’ )
36 printf( ’ Sag u s i n g ca t ena ry equa t i on = %. 4 f m ’ ,S_1)

37 printf( ’ Sag u s i n g p a r a b o l i c e qua t i on = %. 4 f m \n ’ ,

S_1_1)
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38 printf( ’ Case ( i i ) : ’ )
39 printf( ’ Sag u s i n g ca t ena ry equa t i on = %. 4 f m ’ ,S_2)

40 printf( ’ Sag u s i n g p a r a b o l i c e qua t i on = %. 4 f m ’ ,

S_2_2)

41 printf( ’ V e r t i c a l component o f sag = %. 2 f m \n ’ ,

S_v_2)

42 printf( ’ Case ( i i i ) : ’ )
43 printf( ’ Sag u s i n g ca t ena ry equa t i on = %. 4 f m ’ ,S_3)

44 printf( ’ Sag u s i n g p a r a b o l i c e qua t i on = %. 4 f m ’ ,

S_3_3)

45 printf( ’ V e r t i c a l component o f sag = %. 3 f m \n ’ ,

S_v_3)

Scilab code Exa 5.2 Example

1 // Va r i a b l e D e c l a r a t i o n
2 w = 0.85 //Weight o f overhead l i n e ( kg/m)
3 T_0 = 3.5*10**4 //Maximum a l l ow ab l e t e n s i o n (N)
4 L_1 = 160.0 //Span (m) f o r c a s e ( i )
5 L_2 = 200.0 //Span (m) f o r c a s e ( i i )
6 L_3 = 250.0 //Span (m) f o r c a s e ( i i i )
7 L_4 = 275.0 //Span (m) f o r c a s e ( i v )
8 g_c = 7.1 //Minimum ground c l e a r a n c e (m)
9 L_S = 1.5 // Length o f s u s p en s i o n

i n s u l a t o r s t r i n g
10

11 // Ca l c u l a t i o n S e c t i o n
12 w1 = w * 9.81 //Weight (N/m)
13

14 S_1 = w1*L_1 **2/(8* T_0) // Sag (m)
15 H_1 = g_c + S_1 + L_S // He ight o f l owe s t c r o s s−

arm (m)
16

17 S_2 = w1*L_2 **2/(8* T_0) // Sag (m)
18 H_2 = g_c + S_2 + L_S // He ight o f l owe s t c r o s s−
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arm (m)
19

20 S_3 = w1*L_3 **2/(8* T_0) // Sag (m)
21 H_3 = g_c + S_3 + L_S // He ight o f l owe s t c r o s s−

arm (m)
22

23 S_4 = w1*L_4 **2/(8* T_0) // Sag (m)
24 H_4 = g_c + S_4 + L_S // He ight o f l owe s t c r o s s−

arm (m)
25

26 // Re su l t S e c t i o n
27 printf( ’ Span in mete r s \ t %d

\ t %d\ t %d\ t %d ’ ,L_1 ,L_2 ,L_3 ,L_4)

28 printf( ’ Sag i n meter s \ t %. 3 f
\ t %. 3 f \ t %. 3 f \ t %. 3 f ’ ,S_1 ,S_2 ,S_3 ,S_4)

29 printf( ’ He ight o f l owe s t c r o s s−arm in mete r s \ t %. 3 f \
t %. 3 f \ t %. 3 f \ t %. 3 f ’ ,H_1 ,H_2 ,H_3 ,H_4)

30 printf( ’ \nNOTE : ERROR : For f i n d i n g h e i g h t o f
l owe s t c r o s s arm the l e n g t h o f i n s u l a t i o n s t r i n g
i s not c o n s i d e r e d i n t ex tbook c a l c u l a t i o n ’ )

31 printf( ’ a l though i t i s ment ioned i n fo rmu la . S i n c e
l e n g t h o f i n s u l a t i o n s t r i n g i s taken he r e t h e r e
i s a d i f f e r e n c e i n answers from tha t o f g i v en i n
t ex tbook ’ )

Scilab code Exa 5.3 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 w = 0.63 //Weight o f conduc to r ( kg/m)
4 T_0 = 1350.0 //Maximum a l l ow ab l e l oad ( kg )
5 h_1 = 20.0 // He ight o f f i r s t tower (m)
6 h_2 = 15.0 // He ight o f s econd tower (m)
7 L = 240.0 //Span (m)
8
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9 // Ca l c u l a t i o n S e c t i o n
10 h = h_1 - h_2 // D i f f e r e n c e i n l e v e l s o f

t ower s (m)
11 L_1 = (L/2)+(T_0*h/(w*L)) // Ho r i z o n t a l d i s t a n c e

from h i gh e r suppor t (m)
12 L_2 = (L/2) -(T_0*h/(w*L)) // Ho r i z o n t a l d i s t a n c e

from lowe r suppor t (m)
13 S_1 = w*L_1 **2/(2* T_0) // Sag from upper suppor t (

m)
14 S_2 = w*L_2 **2/(2* T_0) // Sag from lowe r suppor t (

m)
15 clearance = (h_1 - S_1) //Minimum c l e a r a n c e (m)
16

17 // Re su l t S e c t i o n
18 printf( ’Minimum c l e a r a n c e between a l i n e conduc to r &

water s u r f a c e = %. 3 f m ’ ,clearance)

19 printf( ’ Sag from upper suppor t = %. 3 f m’ ,S_1)

Scilab code Exa 5.5 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 n = 3 //Number o f d i s c s
4 m = 0.1 // c ap a c i t a n c e o f each l i n k p in to s e l f

c a p a c i t a n c e
5 V = 33.0 // Vo l tage (kV)
6

7 // Ca l c u l a t i o n S e c t i o n
8 a_1 = 1

9 a_2 = (1 + m)*a_1

10 a_3 = m*(a_1 + a_2) + a_2

11 v_1 = V/(a_1 + a_2 + a_3) // Vo l tage a c r o s s top
un i t (kV)

12 v_2 = a_2 * v_1 // Vo l tage a c r o s s middle
un i t (kV)
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13 v_3 = a_3 * v_1 // Vo l tage a c r o s s bottom
un i t (kV)

14 s_v_1 = (v_1/V)*100 // Vo l tage a c r o s s top
un i t to s t r i n g v o l t a g e (%)

15 s_v_2 = (v_2/V)*100 // Vo l tage a c r o s s middle
un i t to s t r i n g v o l t a g e (%)

16 s_v_3 = (v_3/V)*100 // Vo l tage a c r o s s bottom
un i t to s t r i n g v o l t a g e (%)

17

18 efficiency = V*100/(3* v_3) // S t r i n g e f f i c i e n c y (%)
19

20 // Re su l t S e c t i o n
21 printf( ’ Case ( i ) : ’ )
22 printf( ’ Vo l tage a c r o s s top un i t , v 1 = %. 3 f kV ’ ,

v_1)

23 printf( ’ Vo l tage a c r o s s middle un i t , v 2 = %. 3 f kV ’
,v_2)

24 printf( ’ Vo l tage a c r o s s bottom un i t , v 3 = %. 3 f kV ’
,v_3)

25 printf( ’ Vo l tage a c r o s s top un i t as a p e r c en t a g e o f
s t r i n g v o l t a g e , v 1 /V = %. 1 f p e r c en t ’ ,s_v_1)

26 printf( ’ Vo l tage a c r o s s middle un i t as a p e r c en t a g e
o f s t r i n g v o l t a g e , v 2 /V = %. 1 f p e r c en t ’ ,s_v_2)

27 printf( ’ Vo l tage a c r o s s bottom un i t as a p e r c en t a g e
o f s t r i n g v o l t a g e , v 3 /V = %. 1 f p e r c en t ’ ,s_v_3)

28 printf( ’ \nCase ( i i ) : ’ )
29 printf( ’ S t r i n g e f f i c i e n c y = %. 2 f p e r c en t ’ ,

efficiency)

Scilab code Exa 5.6 Example

1 // Va r i a b l e D e c l a r a t i o n
2 n = 8 //Number o f d i s c s
3 m = 1.0/6 // c ap a c i t a n c e o f each l i n k p in to s e l f

c a p a c i t a n c e
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4 V = 30.0 // Vo l tage (kV)
5

6 // Ca l c u l a t i o n S e c t i o n
7 a_1 = 1

8 a_2 = (1+m)*a_1

9 a_3 = m*(a_1+a_2)+a_2

10 a_4 = m*(a_1+a_2+a_3)+a_3

11 a_5 = m*(a_1+a_2+a_3+a_4)+a_4

12 a_6 = m*(a_1+a_2+a_3+a_4+a_5)+a_5

13 a_7 = m*(a_1+a_2+a_3+a_4+a_5+a_6)+a_6

14 a_8 = m*(a_1+a_2+a_3+a_4+a_5+a_6+a_7)+a_7

15 v_1 = V/(a_1+a_2+a_3+a_4+a_5+a_6+a_7+a_8) //
Vo l tage a c r o s s un i t 1(kV)

16 v_2 = a_2*v_1 //
Vo l tage a c r o s s un i t 2(kV)

17 v_3 = a_3*v_1 //
Vo l tage a c r o s s un i t 3(kV)

18 v_4 = a_4*v_1 //
Vo l tage a c r o s s un i t 4(kV)

19 v_5 = a_5*v_1 //
Vo l tage a c r o s s un i t 5(kV)

20 v_6 = a_6*v_1 //
Vo l tage a c r o s s un i t 6(kV)

21 v_7 = a_7*v_1 //
Vo l tage a c r o s s un i t 7(kV)

22 v_8 = a_8*v_1 //
Vo l tage a c r o s s un i t 8(kV)

23 s_v_1 = v_1/V*100 //
Vo l tage a c r o s s un i t 1 as a % o f V

24 s_v_2 = v_2/V*100 //
Vo l tage a c r o s s un i t 2 as a % o f V

25 s_v_3 = v_3/V*100 //
Vo l tage a c r o s s un i t 3 as a % o f V

26 s_v_4 = v_4/V*100 //
Vo l tage a c r o s s un i t 4 as a % o f V

27 s_v_5 = v_5/V*100 //
Vo l tage a c r o s s un i t 5 as a % o f V

28 s_v_6 = v_6/V*100 //
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Vol tage a c r o s s un i t 6 as a % o f V
29 s_v_7 = v_7/V*100 //

Vo l tage a c r o s s un i t 7 as a % o f V
30 s_v_8 = v_8/V*100 //

Vo l tage a c r o s s un i t 8 as a % o f V
31

32 V_2 = V*100/ s_v_8

33 V_sys = (3**0.5)*V_2 //
P e rm i s s i b l e system vo l t a g e (kV)

34

35 // Re su l t S e c t i o n
36 printf( ’ Case ( i ) : ’ )
37 printf( ’ Unit number 1

2 3 4 5 6 7 8\n ’
)

38 printf( ’ Pe r c en tage o f conduc to r v o l t a g e %. 2 f %
. 2 f %. 2 f %. 2 f %. 2 f %. 2 f %. 2 f %. 2 f ’ ,

s_v_1 ,s_v_2 ,s_v_3 ,s_v_4 ,s_v_5 ,s_v_6 ,s_v_7 ,s_v_8)

39 printf( ’ \nCase ( i i ) : ’ )
40 printf( ’ System vo l t a g e at which t h i s s t r i n g can be

used = %. 2 f kV ’ ,V_sys)

Scilab code Exa 5.7 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 v_dry = 65.0 //Dry power f r e qu en cy f l a s h o v e r

v o l t a g e f o r each d i s c (kV)
4 v_wet = 43.0 //Wet power f r e qu en cy f l a s h o v e r

v o l t a g e f o r each d i s c (kV)
5 V = 110 // Vo l tage o f system to be i n s u l a t e d

(kV)
6 m = 1.0/6 // c ap a c i t a n c e o f each l i n k p in to

s e l f c a p a c i t a n c e
7 n_4 = 4 //Number o f u n i t s i n a s t r i n g
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8 n_8 = 8 //Number o f u n i t s i n a s t r i n g
9 n_10 = 10 //Number o f u n i t s i n a s t r i n g
10 v_dry_4 = 210.0 //Dry power f r e qu en cy f l a s h o v e r

v o l t a g e f o r 4 u n i t s (kV)
11 v_dry_8 = 385.0 //Dry power f r e qu en cy f l a s h o v e r

v o l t a g e f o r 8 u n i t s (kV)
12 v_dry_10 = 460.0 //Dry power f r e qu en cy f l a s h o v e r

v o l t a g e f o r 10 u n i t s (kV)
13 v_wet_4 = 150.0 //Wet power f r e qu en cy f l a s h o v e r

v o l t a g e f o r 4 u n i t s (kV)
14 v_wet_8 = 285.0 //Wet power f r e qu en cy f l a s h o v e r

v o l t a g e f o r 8 u n i t s (kV)
15 v_wet_10 = 345.0 //Wet power f r e qu en cy f l a s h o v e r

v o l t a g e f o r 10 u n i t s (kV)
16

17 // Ca l c u l a t i o n S e c t i o n
18 eff_dry_4 = v_dry_4 *100/( n_4*v_dry)

19 eff_dry_8 = v_dry_8 *100/( n_8*v_dry)

20 eff_dry_10 = v_dry_10 *100/( n_10*v_dry)

21 eff_wet_4 = v_wet_4 *100/( n_4*v_wet)

22 eff_wet_8 = v_wet_8 *100/( n_8*v_wet)

23 eff_wet_10 = v_wet_10 *100/( n_10*v_wet)

24

25 a_1 = 1

26 a_2 = (1+m)*a_1

27 a_3 = m*(a_1+a_2)+a_2

28 a_4 = m*(a_1+a_2+a_3)+a_3

29 a_5 = m*(a_1+a_2+a_3+a_4)+a_4

30 a_6 = m*(a_1+a_2+a_3+a_4+a_5)+a_5

31 a_7 = m*(a_1+a_2+a_3+a_4+a_5+a_6)+a_6

32 a_8 = m*(a_1+a_2+a_3+a_4+a_5+a_6+a_7)+a_7

33 v_1 = V/(a_1+a_2+a_3+a_4+a_5+a_6+a_7+a_8) //
Vo l tage a c r o s s un i t 1(kV)

34 v_8 = a_8*v_1 //
Vo l tage a c r o s s un i t 8(kV)

35 s_v_8 = v_8/V // Rat io
o f Vo l tage a c r o s s un i t 8 to s t r i n g v o l t a g e

36 voltage_2 = V/(3**0.5)*s_v_8 //
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Vol tage a c r o s s the d i s c ad j a c en t to conduc to r (kV)
37 sf_dry = v_dry/voltage_2 //

Facto r o f s a f e t y f o r dry f l a s h o v e r
38 sf_wet = v_wet/voltage_2 //

Facto r o f s a f e t y f o r wet f l a s h o v e r
39

40

41 // Re su l t S e c t i o n
42 printf( ’ Case ( i ) : ’ )
43 printf( ’ No . o f u n i t s Dry s t r i n g e f f i c i e n c y (%%

) Wet s t r i n g e f f i c i e n c y (%%) ’ )
44

45 printf( ’ %d %. 2 f
%. 2 f ’ ,n_4 ,

eff_dry_4 ,eff_wet_4)

46 printf( ’ %d %. 2 f
%. 2 f ’ ,n_8 ,

eff_dry_8 ,eff_wet_8)

47 printf( ’ %d %. 2 f
%. 2 f ’ ,n_10 ,

eff_dry_10 ,eff_wet_10)

48

49 printf( ’ \nCase ( i i ) : ’ )
50 printf( ’ Fac to r o f s a f e t y f o r dry f l a s h o v e r = %. 2 f ’ ,

sf_dry)

51 printf( ’ Fac to r o f s a f e t y f o r wet f l a s h o v e r = %. 2 f ’ ,

sf_wet)

Scilab code Exa 5.8 Example

1 // Va r i a b l e D e c l a r a t i o n
2 n = 4 //Number o f d i s c
3 v_2 = 13.2 // Vo l tage a c r o s s s econd un i t (kV)
4 v_3 = 18.0 // Vo l tage a c r o s s t h i r d un i t (kV)
5
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6 // Ca l c u l a t i o n S e c t i o n
7 m = 0.198 // Obtained by

s o l v i n g the quad r a t i c e qua t i on
8 a_1 = 1

9 a_2 = 1+m

10 a_3 = m*(a_1+a_2)+a_2

11 a_4 = m*(a_1+a_2+a_3)+a_3

12 v_1 = v_2/a_2 // Vo l tage a c r o s s
f i r s t un i t (kV)

13 v_4 = a_4*v_1 // Vo l tage a c r o s s
second un i t (kV)

14 V = v_1+v_2+v_3+v_4 // Conductor v o l t a g e (
kV)

15 efficiency = V/(n*v_4)*100 // S t r i n g e f f i c i e n c y (
%)

16

17 // Re su l t S e c t i o n
18 printf( ’ Conductor v o l t a g e with r e s p e c t to the c r o s s−

arm , V = %. 2 f kV ’ ,V)

19 printf( ’ S t r i n g e f f i c i e n c y = %. 2 f p e r c en t ’ ,

efficiency)

Scilab code Exa 5.9 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 n = 3 //Number o f d i s c
4

5 unit_1 = 100/3.072 // Di sc v o l t a g e
as % o f conduc to r v o l t a g e o f Topmost un i t

6 unit_2 = 1.014/3.072*100 // Di sc v o l t a g e
as % o f conduc to r v o l t a g e o f s econd un i t

7 unit_3 = 1.058/3.072*100 // Di sc v o l t a g e
as % o f conduc to r v o l t a g e o f bottom un i t

8 efficiency = 3.072*100/(n*1.058) // S t r i n g
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e f f i c i e n c y (%)
9

10 // Ca l c u l a t i o n S e c t i o n
11 unit_1g = 100/3.752 // Di sc v o l t a g e

as % o f conduc to r v o l t a g e o f Topmost un i t
12 unit_2g = 1.18/3.752*100 // Di sc v o l t a g e

as % o f conduc to r v o l t a g e o f s econd un i t
13 unit_3g = 1.5724/3.752*100 // Di sc v o l t a g e

as % o f conduc to r v o l t a g e o f bottom un i t
14 efficiency1 = 3.752*100/(n*1.5724) // S t r i n g

e f f i c i e n c y (%)
15

16 // Re su l t S e c t i o n
17 printf( ’ D i s c v o l t a g e s as a p e r c en t a g e o f the

conduc to r v o l t a g e with guard r i n g a r e : ’ )
18 printf( ’ Topmost un i t = %. 2 f p e r c en t ’ ,unit_1)

19 printf( ’ Second un i t = %. 2 f p e r c en t ’ ,unit_2)

20 printf( ’ Bottom un i t = %. 2 f p e r c en t ’ ,unit_3)

21 printf( ’ S t r i n g e f f i c i e n c y = %. 2 f p e r c en t ’ ,

efficiency)

22 printf( ’ \ nDisc v o l t a g e s as a p e r c en t a g e o f the
conduc to r v o l t a g e wi thout guard r i n g a r e : ’ )

23 printf( ’ Topmost un i t = %. 2 f p e r c en t ’ ,unit_1g)

24 printf( ’ Second un i t = %. 2 f p e r c en t ’ ,unit_2g)

25 printf( ’ Bottom un i t = %. 2 f p e r c en t ’ ,unit_3g)

26 printf( ’ S t r i n g e f f i c i e n c y = %. 2 f p e r c en t ’ ,

efficiency1)

Scilab code Exa 5.10 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 v = 220.0 // Vo l tage (kV)
4 f = 50.0 // Frequency ( Hertz )
5 p = 752.0 // P r e s s u r e (mm o f Hg)
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6 t = 40.0 // Temperature ( C )
7 m = 0.92 // Su r f a c e i r r e g u l a r i t y f a c t o r
8 r = 1.2 // Conductor r a d i u s (cm)
9 d = 550.0 // Spac ing (cm)
10

11 // Ca l c u l a t i o n S e c t i o n
12 delta = (0.392*p)/(273+t) // Air d e n s i t y

c o r r e c t i o n f a c t o r
13 V_c = 21.1* delta*m*r*log(d/r) //Corona i n c e p t i o n

v o l t a g e ( kv/ phase ) rms
14 V_c_l = 3**0.5* V_c // Line− l i n e

corona i n c e p t i o n v o l t a g e (kV)
15

16 // Re su l t S e c t i o n
17 printf( ’ Corona i n c e p t i o n v o l t a g e , V c = %. 2 f kV/

phase ’ ,V_c)

18 printf( ’ Line−to− l i n e co rona i n c e p t i o n v o l t a g e = %. 2 f
kV ’ ,V_c_l)

Scilab code Exa 5.11 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 v = 220.0 // Vo l tage (kV)
4 f = 50.0 // Frequency ( Hertz )
5 v_o = 1.6 //Over v o l t a g e ( p . u )
6 p = 752.0 // P r e s s u r e (mm o f Hg)
7 t = 40.0 // Temperature ( C )
8 m = 0.92 // Su r f a c e i r r e g u l a r i t y f a c t o r
9 r = 1.2 // Conductor r a d i u s (cm)
10 d = 550.0 // Spac ing (cm)
11

12 // Ca l c u l a t i o n S e c t i o n
13 delta = (0.392*p)/(273+t)

// Air d e n s i t y
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c o r r e c t i o n f a c t o r
14 V_c = 21.1* delta*m*r*log(d/r)

//Corona i n c e p t i o n
v o l t a g e ( kv/ phase ) rms

15 V_ph = (v * v_o)/3**0.5

// Phase
v o l t a g e (kV)

16 peek = 3*(241/ delta)*(f+25)*(r/d)**0.5*( V_ph -V_c)

**2*10** -5 //Peek ’ s f o rmu la (kW/km)
17 ratio = V_ph/V_c

18 F = 0.9

// Rat io o f V ph to V c
19 peterson = 3*2.1*f*F*(V_c/log10(d/r))**2*10** -5

// Peter son ’ s f o rmu la (kW/km)
20

21 // Re su l t S e c t i o n
22 printf( ’ Corona l o s s u s i n g Peeks f o rmu la , P = %. 2 f

kW/km ’ ,peek)

23 printf( ’ Corona l o s s u s i n g Pe t e r s on s f o rmu la , P = %
. 2 f kW/km ’ ,peterson)
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Chapter 6

UNDERGROUND CABLES

Scilab code Exa 6.1 Example

1 // Va r i a b l e D e c l a r a t i o n
2 C_m = 0.28 // Capac i t ance b/w ant 2 c o r e s ( micro−

F/km)
3 f = 50.0 // Frequency (Hz )
4 V_L = 11.0 // Line v o l t a g e (kV)
5

6 // Ca l c u l a t i o n S e c t i o n
7 C = 2*C_m // Capac i t ance b/

w any conduc to r & s h i e l d ( micro−F/km)
8 w = 2*%pi*f // Angular f r e qu en cy
9 I_c = V_L *10**3*w*C*10** -6/3**0.5 // Charg ing

c u r r e n t / phase /km(A)
10 Total = 3**0.5* I_c*V_L // Tota l c ha r g i n g

kVAR/km
11

12 // Re su l t S e c t i o n
13 printf( ’ Charg ing c u r r e n t / phase /km , I c = %. 3 f A ’ ,

I_c)

14 printf( ’ Tota l c ha r g i n g kVAR/km = %. 2 f ’ ,Total)
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Scilab code Exa 6.2 Example

1 // Va r i a b l e D e c l a r a t i o n
2 E_c = 100.0 // Sa f e work ing s t r e s s (kV/cm) rms
3 V = 130.0 // Operat ing v o l t a g e (kV) rms
4 d = 1.5 // Diameter o f conduc to r (cm)
5

6 // Ca l c u l a t i o n S e c t i o n
7 ln_D = 2*V/(E_c*d)+log(d)

8 D = exp(ln_D)

9 thick_1 = (D-d)/2 // I n s u l a t i o n
t h i c k n e s s (cm)

10

11 d_2 = 2*V/E_c

12 D_2 = 2.718* d_2 // Sheath d iamete r (cm
)

13 thick_2 = (D_2 -d_2)/2 // I n s u l a t i o n
t h i c k n e s s (cm)

14

15 // Re su l t S e c t i o n
16 printf( ’ ( i ) I n t e r n a l shea th r a d i u s = %. 2 f cm ’ ,

thick_1)

17 printf( ’ ( i i ) I n t e r n a l shea th r a d i u s = %. 2 f cm ’ ,

thick_2)

Scilab code Exa 6.3 Example

1 // Va r i a b l e D e c l a r a t i o n
2 d = 3.0 // Diameter o f conduc to r (cm)
3 D = 8.5 // Sheath d iamete r (cm)
4 e_r1 = 5.0 // P e rm i t t i v i t y o f i n n e r d i e l e c t r i c
5 e_r2 = 3.0 // P e rm i t t i v i t y o f ou t e r d i e l e c t r i c
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6 E_c = 30.0 // Sa f e work ing s t r e s s (kV/cm) rms
7

8 // Ca l c u l a t i o n S e c t i o n
9 E_i = E_c

10 D_1 = e_r1/e_r2*d

11 thick_1 = (D_1 -d)/2 // Th i ckne s s o f f i r s t l a y e r (
cm)

12 thick_2 = (D-D_1)/2 // Th i ckne s s o f s econd l a y e r (
cm)

13

14 V_1 = E_c*d*log(D_1/d)/2 // Vo l tage a c r o s s
f i r s t l a y e r (kV)

15 V_2 = E_i*D_1*log(D/D_1)/2 // Vo l tage a c r o s s
second l a y e r (kV)

16 V = V_1 + V_2 // P e rm i s s i b l e
conduc to r v o l t a g e (kV)

17

18 V_3 = E_c*d*log(D/d)/2 // P e rm i s s i b l e
conduc to r v o l t a g e (kV) f o r homogeneous
p e rm i t t i v i t y o f 5

19

20

21 // Re su l t S e c t i o n
22 printf( ’ Case ( i ) : ’ )
23 printf( ’ Th i ckne s s o f f i r s t l a y e r = %. 2 f cm ’ ,thick_1

)

24 printf( ’ Th i ckne s s o f s econd l a y e r = %. 2 f cm ’ ,

thick_2)

25 printf( ’ \nCase ( i i ) : ’ )
26 printf( ’ P e rm i s s i b l e conduc to r v o l t a g e = %. 2 f kV ’ ,V)

27 printf( ’ \nCase ( i i i ) : ’ )
28 printf( ’ P e rm i s s i b l e conduc to r v o l t a g e i f a

homogeneous i n s u l a t i o n o f p e rm i t t i v i t y 5 i s used
, V = %. 2 f kV ’ ,V_3)

29 printf( ’ \nNOTE : ERROR : R e l a t i v e p e rm i t t i v i t y o f
ou t e r d i e l e c t r i c i s 3 & not 9 as g i v en i n
t ex tbook ’ )
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Scilab code Exa 6.4 Example

1 // Va r i a b l e D e c l a r a t i o n
2 E = 40.0 // Sa f e work ing s t r e s s (kV/cm) rms
3 d = 1.5 // Conductor d i amete r (cm)
4 D = 6.7 // Sheath d iamete r (cm)
5 t = 0.1 // Th i ckne s s o f l e ad tube (cm)
6

7

8 // Ca l c u l a t i o n S e c t i o n
9 r = d/2 // Conductor r a d i u s (cm)

10 R = D/2 // Sheath r a d i u s (cm)
11 r_i = r+((R-r)/2)-t/2 // I n t e r n a l r a d i u s o f

i n t e r s h e a t h (cm)
12 r_e = r_i + t // Ex t e rna l r a d i u s o f

i n t e r s h e a t h (cm)
13 V_1 = E*r*log(r_i/r) // Vo l tage a c r o s s conduc to r &

i n t e r s h e a t h (kV)
14 V_2 = E*r_e*log(R/r_e) // Vo l tage a c r o s s i n t e r s h e a t h

& ea r th ed shea th (kV)
15 V = V_1 + V_2 // Sa f e work ing v o l t a g e

with i n t e r s h e a t h (kV)
16 V_no = E*r*log(R/r) // Sa f e work ing v o l t a g e

wi thout i n t e r s h e a t h (kV)
17

18 // Re su l t S e c t i o n
19 printf( ’ S a f e work ing v o l t a g e with i n t e r s h e a t h , V =

%. 2 f kV ’ ,V)

20 printf( ’ S a f e work ing v o l t a g e wi thout i n t e r s h e a t h , V
= %. 2 f kV ’ ,V_no)
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Chapter 7

SUBSTATION AND
DISTRIBUTION SYSTEM

Scilab code Exa 7.1 Example

1 // f i n d . .
2 clc

3 // s o l u t i o n
4 // g i v en
5 Tb =3*10^6 //N−mm
6 d=1 //m
7 r=500 //mm
8 u=0.3

9 q=0.61 // rad
10 ub=(4*u*sin(q))/(2*q+sin(2*q))// e q i v a l e n t

c o f f i n t o f f r i c t i o n
11 // r e f f i g 2 5 . 1 2
12 // l e t S be s p r i n g f o r c e
13 // t ak i n g moment abt fu l c rum O1
14 //S∗1250=Rn1∗600 + Ft1 ∗(500−250)
15 // put Rn1=Ft1 /ub . . .
16 //S∗1250=2125∗Ft1
17 // Ft1=S ∗1250/2125
18 // t ak i n g moment abt O2
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19 //S∗1250+Ft2 (500−250)=Rn2∗600
20 //Rn2=Ft2 /ub
21 //S∗1250+Ft2 (500−250)=1625Ft2
22 // Ft2=S ∗1250/1625
23 //Tb=(Ft1+Ft2 ) ∗ r =680∗S
24 S=Tb/680

25 printf(” s p r i n g f o r c e i s , %f N\n”,S)
26 // l e t b be width o f b rake s sho e s
27 //Ab=b ∗ (2∗ r ∗ s i n ( q ) ) //mm
28 Ft1=S*1250/2125

29 Rn1=Ft1/ub

30 Ft2=S*1250/1625

31 Rn2=Ft2/ub // Va r i a b l e D e c l a r a t i o n
32 V = 400.0 // Vo l tage s u pp l i e d (V)
33 f = 50.0 // Frequency (Hz )
34 P_1 = 75.0 //Power o f i n du c t i o n motor at middle

o f d i s t r i b u t o r (kVA)
35 pf_1 = 0.8 //Power f a c t o r o f i n du c t i o n motor at

middle o f d i s t r i b u t o r
36 P_2 = 50.0 //Power o f i n du c t i o n motor at f a r

end (kVA)
37 pf_2 = 0.85 //Power f a c t o r o f i n du c t i o n motor at

f a r end
38 demand_f = 1.0 //Demand f a c t o r
39 diver_f = 1.2 // D i v e r s i t y f a c t o r
40 L = 150.0 // Length o f l i n e (m)
41

42 // Ca l c u l a t i o n S e c t i o n
43 theta_1 = acos(pf_1)

//Power
f a c t o r ang l e f o r 75 kVA( r a d i a n s )

44 theta_2 = acos(pf_2)

//Power
f a c t o r ang l e f o r 50 kVA( r a d i a n s )

45 load = P_1*exp(%i*theta_1)+P_2*exp(%i*theta_2)

// Tota l connec t ed l oad (kVA)
46 pf_r = cos(phasemag(load)*%pi /180)

// Re su l t an t power
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f a c t o r
47 I_max = abs(load)*1000/(3**0.5*V*diver_f)

//Maximum d i s t r i b u t o r
c u r r e n t per phase (A)

48 L_1 = L/2

49 V_per = 0.06*V/3**0.5

//
P e rm i s s i b l e v o l t a g e drop (V)

50

51 R_f = 0.734*10** -3

//
Re s i s t a n c e (ohm/m)

52 X_f = 0.336*10** -3

//
Reactance (ohm/m)

53 I_2f = P_2 *10**3/(3**0.5*V)

54 I_1f = P_1 *10**3/(3**0.5*V)

55 V_f = I_1f*L_1*(R_f*pf_1+X_f*sin(theta_1))+I_2f*L*(

R_f*pf_2+X_f*sin(theta_2))

56 d_f = 9.0

// Ove r a l l c onduc to r d i amete r (mm)
57 area_f = %pi*d_f **2/4

//Area o f
f e r r e t conduc to r (mmˆ2)

58

59 R_R = 0.587*10** -3

//
Re s i s t a n c e (ohm/m)

60 X_R = 0.333*10** -3

//
Reactance (ohm/m)

61 I_2R = P_2 *10**3/(3**0.5*V)

62 I_1R = P_1 *10**3/(3**0.5*V)

63 V_R = I_1R*L_1*(R_R*pf_1+X_R*sin(theta_1))+I_2R*L*(

R_R*pf_2+X_R*sin(theta_2))

64 d_R = 10.0
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// Ove r a l l c onduc to r d i amete r (mm)
65 area_R = %pi*d_R **2/4

//Area o f
r a b b i t conduc to r (mmˆ2)

66

67

68 // Re su l t S e c t i o n
69 if(V_f > V_per) then

70 printf( ’ Ov e r a l l c r o s s−s e c t i o n a l a r ea o f the
7/3 . 3 5 mm Rabbit ACSR conduc t o r s hav ing
o v e r a l l c onduc to r d i amete r o f 1 0 . 0 mm = %. 2 f
mmˆ2 ’ ,area_R)

71 else

72 printf( ’ Ov e r a l l c r o s s−s e c t i o n a l a r ea o f the
7/3 . 0 0 mm Fe r r e t ACSR conduc t o r s hav ing
o v e r a l l c onduc to r d i amete r o f 9 . 0 mm = %. 2 f
mmˆ2 ’ ,area_f)

73 end

74

75 printf(”END”)
76 //End e r r o r , but doesn ’ t a f f e c t f u n c t i o n i n g o f code

Scilab code Exa 7.2 Example

1 // Va r i a b l e D e c l a r a t i o n
2

3 V = 400.0 // Vo l tage s u pp l i e d (V)
4 i = 0.5 // Current per meter (A)
5 demand_f = 1.0 //Demand f a c t o r
6 diver_f = 1.0 // D i v e r s i t y f a c t o r
7 L = 275.0 // Length o f l i n e (m)
8 pf = 0.9 //Power f a c t o r l a g g i n g
9

10 // Ca l c u l a t i o n S e c t i o n
11 I = i*L

59



// Current i n d i s t r i b u t o r / phase (A)
12 theta = acos(pf)

//Power f a c t o r ang l e
13 V_per = 0.06*V/3**0.5

// P e rm i s s i b l e
v o l t a g e drop (V)

14

15 r_w = 0.985

//
Re s i s t a n c e (ohm/km)

16 x_w = 0.341

//
Reactance (ohm/km)

17 V_w = 0.5*i*(r_w*pf+x_w*sin(theta))*L**2*10** -3

// Vo l tage drop f o r Weasel (V)
18 d_w = 7.77

//
Diameter o f wea s e l conduc to r (mm)

19 area_w = %pi*d_w **2/4

//Area o f wea s e l conduc to r (mmˆ2)
20

21 r_f = 0.734

//
Re s i s t a n c e (ohm/km)

22 x_f = 0.336

//
Reactance (ohm/km)

23 V_f = 0.5*i*(r_f*pf+x_f*sin(theta))*L**2*10** -3

// Vo l tage drop f o r F e r r e t (V)
24 d_f = 9.00

//
Diameter o f F e r r e t conduc to r (mm)

25 area_f = %pi*d_f **2/4

//Area o f F e r r e t conduc to r (mmˆ2)
26

27 r_r = 0.587

//
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Re s i s t a n c e (ohm/km)
28 x_r = 0.333

//
Reactance (ohm/km)

29 V_r = 0.5*i*(r_r*pf+x_r*sin(theta))*L**2*10** -3

// Vo l tage drop f o r Rabbit (V)
30 d_r = 10.0

//
Diameter o f Rabbit conduc to r (mm)

31 area_r = %pi*d_r **2/4

//Area o f Rabbit conduc to r (mmˆ2)
32

33 // Re su l t S e c t i o n
34 if(V_w < V_per) then

35 printf( ’ Ov e r a l l c r o s s−s e c t i o n a l a r ea o f the
7/2 . 5 9 mm Weasel ACSR conduc t o r s hav ing
o v e r a l l c onduc to r d i amete r o f 7 . 7 7 mm = %. 2 f
mmˆ2 ’ ,area_w)

36 else if(V_f < V_per) then

37 printf( ’ Ov e r a l l c r o s s−s e c t i o n a l a r ea o f the
7/3 . 0 0 mm Fe r r e t ACSR conduc t o r s hav ing
o v e r a l l c onduc to r d i amete r o f 9 . 0 mm = %. 2 f
mmˆ2 ’ ,area_f)

38 else

39 printf( ’ Ov e r a l l c r o s s−s e c t i o n a l a r ea o f the
7/3 . 3 5 mm Rabbit ACSR conduc t o r s hav ing
o v e r a l l c onduc to r d i amete r o f 1 0 . 0 mm = %. 2 f
mmˆ2 ’ ,area_r)

40 end

41 end

Scilab code Exa 7.3 Example

1

2 // Va r i a b l e D e c l a r a t i o n
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3 V = 400.0 // Vo l tage s u pp l i e d (V)
4 f = 50.0 // Frequency (Hz )
5 L = 300.0 // Length o f l i n e (m)
6 I_1 = 50.0 // Current at 100 m from f e e d i n g

po i n t (A)
7 pf_1 = 0.8 //Power f a c t o r at 100 m from f e e d i n g

po i n t
8 L_1 = 100.0 // Length o f l i n e upto f e e d i n g po i n t (

m)
9 I_2 = 25.0 // Current at 100 m from f e e d i n g

po i n t (A)
10 pf_2 = 0.78 //Power f a c t o r at 100 m from f e e d i n g

po i n t
11 L_2 = 200.0 // Length o f l i n e from f e e d i n g po i n t

to f a r end (m)
12 i = 0.2 // D i s t r i b u t e d l oad c u r r e n t (A/metre )
13 v_drop = 15.0 // P e rm i s s i b l e v o l t a g e drop
14

15 // Ca l c u l a t i o n S e c t i o n
16 theta_1 = acos(pf_1) //Power f a c t o r

ang l e f o r 50 A( r a d i a n s )
17 theta_2 = acos(pf_2) //Power f a c t o r

ang l e f o r 25 A( r a d i a n s )
18

19 r_f = 0.734*10** -3 // Re s i s t a n c e
(ohm/m)

20 x_f = 0.336*10** -3 // Reactance (
ohm/m)

21 V_con_f = I_1*L_1*(r_f*pf_1+x_f*sin(theta_1))+I_2*L

*(r_f*pf_2+x_f*sin(theta_2)) // Vo l tage drop at B
due to c on c en t r a t e d l o a d i n g (V)

22 V_dis_f = 0.5*i*r_f*(L_1+L_2)**2 // Vo l tage
drop at B due to d i s t r i b u t e d l o a d i n g (V)

23 V_f = V_con_f+V_dis_f // Tota l
v o l t a g e drop (V)

24

25 r_r = 0.587*10** -3 // Re s i s t a n c e
(ohm/m)
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26 x_r = 0.333*10** -3 // Reactance (
ohm/m)

27 V_con_r = I_1*L_1*(r_r*pf_1+x_r*sin(theta_1))+I_2*L

*(r_r*pf_2+x_r*sin(theta_2)) // Vo l tage drop at B
due to c on c en t r a t e d l o a d i n g (V)

28 V_dis_r = 0.5*i*r_r*(L_1+L_2)**2 // Vo l tage
drop at B due to d i s t r i b u t e d l o a d i n g (V)

29 V_r = V_con_r+V_dis_r // Tota l
v o l t a g e drop (V)

30

31 // Re su l t S e c t i o n
32 if(V_f < v_drop) then

33 printf( ’ F e r r e t ACSR conduc t o r s o f s i z e 7 /3 . 0 0 mm
having an o v e r a l l c onduc to r d i amete r o f 9 . 0

mm i s to be used ’ )
34 printf( ’ Tota l v o l t a g e drop = %. 2 f V, which i s

w i t h i n l i m i t ’ ,V_f)

35 else

36 printf( ’ Rabbit ACSR conduc t o r s o f s i z e 7 /3 . 3 5 mm
having an o v e r a l l c onduc to r d i amete r o f 1 0 . 0
mm i s to be used ’ )

37 printf( ’ Tota l v o l t a g e drop = %. 2 f V, which i s
w i t h i n l i m i t ’ ,V_r)

38 end

39 printf( ’ \nNOTE : ERROR : In d i s t r i b u t e d l oad :
c u r r e n t i s 0 . 2 A/meter and not 0 . 2 5 A/meter as
g i v en i n problem sta t ement ’ )

Scilab code Exa 7.4 Example

1 // Va r i a b l e D e c l a r a t i o n
2 P = 5.0 //Power o f s u b s t a t i o n (MVA)
3 V_hv = 33.0 //High v o l t a g e (kV)
4 V_lv = 11.0 //Low vo l t a g e (kV)
5 f = 50.0 // Frequency (Hz )
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6 P_1 = 0.5 //Minimum load (MW)
7 pf_1 = 0.85 // Lagg ing power f a c t o r o f minimum

load
8 P_2 = 2.8 //Maximum load (MW)
9 pf_2 = 0.78 // Lagg ing power f a c t o r o f maximum

load
10 pf_i = 0.9 // Lagg ing power f a c t o r o f incoming

c u r r e n t
11

12 // Ca l c u l a t i o n S e c t i o n
13 theta_1 = acos(pf_1)

14 theta_2 = acos(pf_2)

15 theta_i = acos(pf_i)

16

17 load_react = P_1*tan(theta_1)*1000

//Load r e a c t i v e power (kVAR)
18 line_react = P_1*tan(theta_i)*1000

// Reac t i v e power s u pp l i e d by
l i n e (kVAR)

19 rating_fix = load_react - line_react

//kVAR r a t i n g o f f i x e d
c a p a c i t o r bank (kVAR)

20

21 bank_react = P_2*(tan(theta_2)-tan(theta_i))*1000

// Reac t i v e power to be s u pp l i e d by c a p a c i t o r
banks (kVAR)

22 rating_swi = bank_react - rating_fix

// Reac t i v e power r a t i n g
o f sw i t ched un i t (kVAR)

23

24 C_fix = rating_fix *10** -3/(3**0.5* V_lv **2*2* %pi*f)

// Capac i t ance f o r f i x e d bank
25 C_swi = rating_swi *10** -3/(3**0.5* V_lv **2*2* %pi*f)

// Capac i t ance f o r sw i t ched bank
26

27 // Re su l t S e c t i o n
28 printf( ’kVAR r a t i n g o f f i x e d c a p a c i t o r s = %. 1 f kVAR ’

,rating_fix)
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29 printf( ’kVAR r a t i n g o f sw i t ch ed c a p a c i t o r s = %. 1 f
kVAR ’ ,rating_swi)

30 printf( ’ Capac i t ance o f f i x e d bank , C = %. 2 e F/ phase
’ ,C_fix)

31 printf( ’ Capac i t ance o f sw i t ched bank , C = %. 2 e F/
phase ’ ,C_swi)

Scilab code Exa 7.5 Example

1 // Va r i a b l e D e c l a r a t i o n
2 V = 400.0 // Vo l tage o f i n du c t i o n motor (V)
3 f = 50.0 // Frequency (Hz )
4 I = 40.0 // Line c u r r e n t (A)
5 pf_1 = 0.78 // Lagg ing power f a c t o r o f motor
6 pf_2 = 0.95 // Rai sed l a g g i n g power f a c t o r
7

8 // Ca l c u l a t i o n S e c t i o n
9 theta_1 = acos(pf_1)

//Motor
power f a c t o r ang l e ( r a d i a n s )

10 P_act_m = 3**0.5*V*I*pf_1 *10** -3

// Act i v e power
demand o f motor (kW)

11 P_rea_m = P_act_m*tan(theta_1)

// Reac t i v e power
demand o f motor (kVAR)

12 theta_2 = acos(pf_2)

//
Improved power f a c t o r ang l e ( r a d i a n s )

13 P_act_l = 3**0.5*V*I*pf_1 *10** -3

// Act i v e power
s u pp l i e d by l i n e (kW)

14 P_rea_l = P_act_m*tan(theta_2)

// Reac t i v e power
s u pp l i e d by l i n e to motor (kVAR)
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15 rating = P_rea_m - P_rea_l

//kVAR
r a t i n g o f c a p a c i t o r bank (kVAR per phase )

16 I_C = rating *1000/(3**0.5*V)

// Current
drawn by c a p a c i t o r bank (A)

17 I_L = I*exp(%i*-theta_1)+I_C*exp(%i*90* %pi /180)

// Line c u r r e n t (A)
18 I_phase = I_C /3**0.5

//
Phase c u r r e n t o f d e l t a connec t ed c a p a c i t o r bank (A
)

19 C = I_phase /(V*2*%pi*f)

// Per
phase c a p a c i t a n c e o f bank ( micro−F/ phase )

20

21

22 // Re su l t S e c t i o n
23 printf( ’kVAR r a t i n g o f the bank = %. 2 f kVAR per

phase ’ ,rating)

24 printf( ’ L ine c u r r e n t = %. 2 f % . 2 f A ’ ,abs(I_L),

phasemag(I_L))

25 printf( ’ Per phase c a p a c i t a n c e o f the bank , C = %. 2 e
F/ phase ’ ,C)

Scilab code Exa 7.6 Example

1 // Va r i a b l e D e c l a r a t i o n
2 P_1 = 250.0 //Load at un i t y power f a c t o r (kW)
3 pf_1 = 1 //Power f a c t o r
4 P_2 = 1500.0 //Load at 0 . 9 power f a c t o r (kW)
5 pf_2 = 0.9 // Lagg ing power f a c t o r
6 P_3 = 1000.0 //Load at 0 . 8 power f a c t o r (kW)
7 pf_3 = 0.8 // Lagg ing power f a c t o r
8 P_4 = 700.0 //Load at 0 . 7 8 power f a c t o r (kW)
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9 pf_4 = 0.76 // Lagg ing power f a c t o r
10

11 // Ca l c u l a t i o n S e c t i o n
12 theta_1 = acos(pf_1)

13 theta_2 = acos(pf_2)

14 theta_3 = acos(pf_3)

15 theta_4 = acos(pf_4)

16 kW_T = P_1+P_2+P_3+P_4 // Tota l kW
c a r r i e d by f e e d e r (kW)

17 kVAR_T = P_1*tan(theta_1)+P_2*tan(theta_2)+P_3*tan(

theta_3)+P_4*tan(theta_4)

18 pf_feed = cos(atan(kVAR_T/kW_T))

19 feeder_KVA = (kW_T **2+ kVAR_T **2) **0.5 // Feeder
kVA

20 feeder_kW = feeder_KVA //Load at
un i t y p f (kW)

21

22

23 // Re su l t S e c t i o n
24 printf( ’ Feeder power f a c t o r = %. 3 f l a g g i n g ’ ,pf_feed

)

25 printf( ’ Load at un i t y power f a c t o r = %. f kW’ ,

feeder_kW)

26 printf( ’ \nNOTE : ERROR : The l oad data shou ld be 700
kW at 0 . 7 6 p f l a g g i n g i n s t e a d o f 700 kW at 0 . 7 8
l a g g i n g ’ )

Scilab code Exa 7.8 Example

1 // Va r i a b l e D e c l a r a t i o n
2 V = 400.0 // Vo l tage (V)
3 f = 50.0 // Frequency (Hz )
4 HP_1 = 75.0 //Power (H.P)
5 HP_2 = 25.0 //Power (H.P)
6 HP_3 = 10.0 //Power (H.P)
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7 pf_1 = 0.75 //Power f a c t o r at 3/4 l oad
8 pf_2 = 0.78 //Power f a c t o r at 4/5 l oad
9 pf_3 = 0.8 //Power f a c t o r at f u l l l o ad
10 pf_4 = 0.9 // Lagg ing power f a c t o r improved
11 pf_5 = 0.74 //Power f a c t o r o f 2nd motor at 2/3

o f f u l l l o ad
12 pf_6 = 0.8 //Power f a c t o r o f 3 rd motor at f u l l

l o ad
13

14 // Ca l c u l a t i o n S e c t i o n
15 theta_1 = acos(pf_1)

16 theta_2 = acos(pf_2)

17 theta_3 = acos(pf_3)

18 S_1P = (0.75* HP_1 *746*10** -3/ pf_1)*exp(%i*theta_1)

//kVA demanded by f i r s t motor (kVA)
19 S_2P = (0.8* HP_2 *746*10** -3/ pf_2)*exp(%i*theta_2)

//kVA demanded by second motor (kVA)
20 S_3P = (HP_3 *746*10** -3/ pf_3)*exp(%i*theta_3)

//kVA demanded by t h i r d motor (kVA)
21 S_TP = S_1P + S_2P + S_3P

// Tota l kVA
demanded by a l l l o a d s (kVA)

22 pf_l_wc = cos(phasemag(S_TP)*%pi /180)

// Line power f a c t o r w i thout
c a p a c i t i v e c o r r e c t i o n

23 kW_T = real(S_TP)

//
Tota l kW demanded by l oad (kW)

24 kVAR_T = imag(S_TP)

// Tota l
l a g g i n g kVAR demanded by l o ad s (kVAR)

25 theta_4 = acos(pf_4)

26 P_react = kW_T*tan(theta_4)

// Reac t i v e power
s u pp l i e d by l i n e f o r 0 . 9 p f (kVAR)

27 power = kVAR_T - P_react

// Reac t i v e
power s u pp l i e d by c a p a c i t o r bank (kVAR)

68



28

29 theta_5 = acos(pf_5)

30 theta_6 = acos(pf_6)

31 S_2L = (2* HP_2 *746*10** -3/(3* pf_5))*exp(%i*theta_5)

//kVA demanded by second motor (kVA)
32 S_3L = (HP_3 *746*10** -3/ pf_3)*exp(%i*theta_3)

//kVA demanded by t h i r d motor (kVA)
33 S_TL = S_2L + S_3L

// Tota l
kVA demanded dur ing l e an p e r i o d (kVA)

34 S_line = real(S_TL) - complex(0,power -imag(S_TL))

//kVA supp l i e d by l i n e (kVA)
35 pf_line = cos(phasemag(S_line)*%pi /180)

// Line power f a c t o r
36

37 // Re su l t S e c t i o n
38 printf( ’ L ine power f a c t o r with c a p a c i t o r bank

connec t ed dur ing l e an p e r i o d = %. 2 f l e a d i n g ’ ,

pf_line)
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Chapter 8

ELEMENTS OF ELECTRIC
POWER GENERATION

Scilab code Exa 8.1 Example

1 // Va r i a b l e D e c l a r a t i o n
2 w = 0.8 // Coal to be burnt f o r eve ry kWh o f

e l e c t r i c ene rgy ( kg )
3 C = 5000 // C a l o r i f i c va l u e o f c o a l ( k i l o−c a l o r i e s /

kg )
4

5 // Ca l c u l a t i o n S e c t i o n
6 heat_energy = C*w/860 //Heat ene rgy o f

combust ion o f g i v en c o a l (kWh)
7 efficiency = 1/ heat_energy // Ove r a l l e f f i c i e n c y
8

9

10 // Re su l t S e c t i o n
11 printf( ’ Ov e r a l l e f f i c i e n c y o f the p l an t = %. 3 f ’ ,

efficiency)
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Scilab code Exa 8.2 Example

1 // Va r i a b l e D e c l a r a t i o n
2 P = 250.0 //Power (MW)
3 C = 6100.0 // C a l o r i f i c va l u e ( k c a l /kg )
4 n_1 = 0.9 // Plant runs at f u l l l o ad
5 h_1 = 20.0 //Time f o r f u l l l o ad ( hour )
6 n_2 = 0.75 // Plant runs at f u l l l o ad
7 h_2 = 4.0 //Time f o r f u l l l o ad ( hour )
8 n_t = 0.3 //Thermal e f f i c i e n c y
9 n_g = 0.93 // Generator e f f i c i e n c y
10

11 // Ca l c u l a t i o n S e c t i o n
12 E_T = (P*n_1*h_1+P*n_2*h_2)*1000 // Tota l e l e c t r i c

ene rgy produced by p l an t i n a day (kWh)
13 efficiency = n_t * n_g // Ove r a l l

e f f i c i e n c y o f the p l an t
14 heat_energy = E_T *860/ efficiency //Heat ene rgy o f

combust ion o f c o a l ( k c a l )
15 coal_requ = heat_energy/C // Da i l y c o a l

r equ i r ement ( kg )
16 coal_requ_ton = coal_requ *10** -3 // Da i l y c o a l

r equ i r ement ( tonne s )
17

18 // Re su l t S e c t i o n
19 printf( ’ Da i l y c o a l r equ i r ement = %. 2 e kg = %. f

t onne s ’ ,coal_requ ,coal_requ_ton)

Scilab code Exa 8.3 Example

1 // Va r i a b l e D e c l a r a t i o n
2 Q = 1.0 //Water d i s c h a r g e (mˆ3/ s e c )
3 h = 200.0 // He ight (m)
4 n_h = 0.85 // Hydrau l i c e f f i c i e n c y
5 n_e = 0.95 // E l e c t r i c e f f i c i e n c y
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6

7 // Ca l c u l a t i o n S e c t i o n
8 n = n_h*n_e // Ove r a l l e f f i c i e n c y
9 P = (736.0/75)*Q*h*n // E l e c t r i c a l power a v a i l a b l e

(kW)
10 E = P*1.0 // Energy a v a i l a b l e i n an

hour (kWh)
11

12 // Re su l t S e c t i o n
13 printf( ’ E l e c t r i c a l power a v a i l a b l e = %. 2 f kW’ ,P)

14 printf( ’ Energy a v a i l a b l e i n an hour = %. 2 f kWh ’ ,E)

Scilab code Exa 8.4 Example

1 // Va r i a b l e D e c l a r a t i o n
2 Ad = 6.0*10**6 // Re s e r v o i r c a p a c i t y (mˆ3)
3 h = 150.0 //Head (m)
4 n = 0.78 // Ove r a l l e f f i c i e n c y
5 P = 25.0*10**6 //Power (Watt )
6 t = 4.0 // Supply t ime ( hour )
7

8 // Ca l c u l a t i o n S e c t i o n
9 AX = P*75*3600*t/(736*h*n*1000) // un i t (mˆ3)

10 X_d = AX/Ad*100 // F a l l i n
r e s e r v o i r l e v e l (%)

11

12 // Re su l t S e c t i o n
13 printf( ’ Pe r c en tage f a l l i n r e s e r v o i r l e v e l = %. 2 f

p e r c en t ’ ,X_d)

Scilab code Exa 8.5 Example

1 // Va r i a b l e D e c l a r a t i o n
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2 X_s = 1.0 // Synchronous r e a c t a n c e o f g e n e r a t o r
( p . u )

3 V_b = 1.0 // Terminal v o l t a g e o f g e n e r a t o r=
vo l t a g e o f i n f i n i t e bus ( p . u )

4 P_G = 0.5 // Real power output at un i t y p f ( p . u )
5

6

7 // Ca l c u l a t i o n S e c t i o n
8 I = P_G/V_b // Generator

c u r r e n t ( p . u )
9 E = complex(V_b ,I*X_s) // Ex c i t a t i o n emf

o f f i n i t e machine ( p . u )
10 delta = phasemag(E) //Power ang l e =

ang l e b/w E & V b ( deg r e e )
11

12 P_Gn = P_G/2 // Real power o/p
when steam i /p i s ha lved ( p . u )

13 sin_delta_n = P_Gn*X_s/(abs(E)*V_b)

14 delta_n = asin(sin_delta_n) //New power ang l e (
r ad i an )

15 E_n = abs(E)*exp(%i*delta_n) // Ex c i t a t i o n emf o f
f i n i t e machine with new ang l e ( p . u )

16 I_n = (E_n -V_b)/complex(0,X_s) // Current when
steam i /p i s ha lved ( p . u )

17 pf_n = cos(phasemag(I_n)*%pi /180) //Power f a c t o r
when steam i /p i s ha lved

18

19 P_po = abs(E)*V_b/X_s // Pu l l out power
( p . u )

20

21 stiff_a = abs(E)*V_b/X_s*cos(phasemag(E)*%pi /180)

// E l e c t r i c a l s t i f f n e s s i n c a s e ( a ) ( p . u/ r ad i an
)

22 stiff_b = abs(E)*V_b/X_s*cos(phasemag(I_n)*%pi /180)

// E l e c t r i c a l s t i f f n e s s i n c a s e ( b ) ( p . u/ r ad i an )
23

24 // Re su l t S e c t i o n
25 printf( ’ Case ( a ) : ’ )
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26 printf( ’ E x c i t a t i o n v o l t a g e o f f i n i t e machine , E = %
. 2 f % . 2 f p . u ’ ,abs(E),delta)

27 printf( ’ Power ang l e = %. 2 f ’ ,delta)

28 printf( ’ \nCase ( b ) : ’ )
29 printf( ’ Current i f steam input i s r educed to h a l f ,

I n = %. 3 f % . 2 f p . u ’ ,abs(I_n),phasemag(I_n))

30 printf( ’ Power f a c t o r i f steam input i s r educed to
h a l f = %. 2 f l a g g i n g ’ ,pf_n)

31 printf( ’ Power ang l e i f steam input i s r educed to
h a l f = %. 2 f ’ ,delta_n *180/ %pi)

32 printf( ’ \nCase ( c ) : ’ )
33 printf( ’ Pu l l out power = %. 2 f p . u ’ ,P_po)

34 printf( ’ \nCase ( d ) : ’ )
35 printf( ’ E l e c t r i c a l s t i f f n e s s f o r c a s e ( a ) = %. 1 f p . u/

r ad i an ’ ,stiff_a)

36 printf( ’ E l e c t r i c a l s t i f f n e s s f o r c a s e ( b ) = %. 3 f p . u/
r ad i an ’ ,stiff_b)

Scilab code Exa 8.6 Example

1 // Va r i a b l e D e c l a r a t i o n
2 X_s = 1.1 // Synchronous r e a c t a n c e o f g e n e r a t o r

( p . u )
3 V_b = 1.0 // Terminal v o l t a g e o f g e n e r a t o r=

vo l t a g e o f i n f i n i t e bus ( p . u )
4 E = 1.25 // Ex c i t a t i o n emf o f f i n i t e machine ( p

. u )
5 P_G = 0.3 // Act i v e power output ( p . u )
6 dec = 0.25 // Ex c i t a t i o n i s d e c r e a s e d
7

8 // Ca l c u l a t i o n S e c t i o n
9 sin_delta = P_G*X_s/(E*V_b)

10 delta = asin(sin_delta) //Power ang l e
( r ad i an )

11 Q_G = V_b/X_s*(E*cos(delta)-V_b) // Reac t i v e
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power output ( p . u )
12

13 E_n = (1-dec)*E //New
e x c i t a t i o n emf o f f i n i t e machine ( p . u )

14 P_Gn = P_G //New
a c t i v e power output ( p . u )

15 sin_delta_n = P_G*X_s/(E_n*V_b)

16 delta_n = asin(sin_delta_n) //New power
ang l e ( r ad i an )

17 Q_Gn = V_b/X_s*(E_n*cos(delta_n)-V_b) //New
r e a c t i v e power output ( p . u )

18

19

20 // Re su l t S e c t i o n
21 printf( ’ Case ( a ) : ’ )
22 printf( ’ Power ang l e = %. 2 f ’ ,delta *180/ %pi)

23 printf( ’ Rea c t i v e power output , Q G = %. 3 f p . u ’ ,Q_G

)

24 printf( ’ \nCase ( b ) : ’ )
25 printf( ’ Ac t i v e power i f e x c i t a t i o n i s d e c r e a s e d ,

P Gn = %. 1 f p . u ’ ,P_Gn)

26 printf( ’ Rea c t i v e power i f e x c i t a t i o n i s d e c r e a s e d ,
Q Gn = %. 3 f p . u ’ ,Q_Gn)

27 printf( ’ Power ang l e i f e x c i t a t i o n i s d e c r e a s e d = %. 2
f ’ ,delta_n *180/ %pi)

Scilab code Exa 8.7 Example

1 // Va r i a b l e D e c l a r a t i o n
2 X_s = 1.05 // Synchronous r e a c t a n c e o f g e n e r a t o r

( p . u )
3 V_b = 0.95 // Terminal v o l t a g e o f g e n e r a t o r=

vo l t a g e o f i n f i n i t e bus ( p . u )
4 X_L = 0.1 // Reactance o f l i n k ( p . u )
5 E = 1.2 // Ex c i t a t i o n emf o f f i n i t e machine ( p
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. u )
6 P_G = 0.15 // Act i v e power output ( p . u )
7 inc = 1 // Turbine t o rque i n c r e a s e d
8

9 // Ca l c u l a t i o n S e c t i o n
10 sin_delta = P_G*(X_s+X_L)/(E*V_b)

11 delta = asin(sin_delta) //Power
ang l e ( r ad i an )

12 Q_G = V_b/(X_s+X_L)*(E*cos(delta)-V_b) //
Reac t i v e power output ( p . u )

13

14 P_Gn = (1+inc)*P_G //
New a c t i v e power output ( p . u )

15 sin_delta_n = P_Gn*(X_s+X_L)/(E*V_b)

16 delta_n = asin(sin_delta_n) //Power
ang l e ( r ad i an )

17 Q_Gn = V_b/(X_s+X_L)*(E*cos(delta_n)-V_b) //
Reac t i v e power output ( p . u )

18 P_change = (P_Gn -P_G)/P_G *100 //
Change i n a c t i v e power output (%)

19 Q_change = (Q_Gn -Q_G)/Q_G *100 //
Change i n r e a c t i v e power output (%)

20

21 // Re su l t S e c t i o n
22 printf( ’ Change i n a c t i v e power s u pp l i e d by g e n e r a t o r

= %. f p e r c en t ’ ,P_change)

23 printf( ’ Change i n r e a c t i v e power s u pp l i e d by
g e n e r a t o r = %. 2 f p e r c en t ’ ,Q_change)

Scilab code Exa 8.8 Example

1 // Va r i a b l e D e c l a r a t i o n
2 X_s = 6.0 // Synchronous r e a c t a n c e o f

a l t e r n a t o r ( ohms/ phase )
3 pf = 0.8 // Lagg ing power f a c t o r
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4 P_G = 5.0 //Power d e l i v e r e d (MW)
5 V = 11.0 // Vo l tage o f i n f i n i t e bus (kV)
6

7 // Ca l c u l a t i o n S e c t i o n
8 delta = acos(pf)

9 I = P_G *1000/(3**0.5*V*pf)*(pf - complex(0,sin(delta

))) // A l t e r n a t o r c u r r e n t (A)
10 V_b = V*10**3/3**0.5

//
Vo l tage o f i n f i n i t e bus (V/ phase )

11 E = complex (7531.79669352 ,1574.59164324)

// I n i t i a l e x c i t a t i o n
v o l t a g e (V)

12 pf_n = 1.0

//New power f a c t o r
13 P_Gn = P_G

//New power d e l i v e r e d (MW)
14 I_n = P_Gn *1000/(3**0.5*V*pf_n)

// A l t e r n a t o r
c u r r e n t (A)

15 E_n = complex(V_b ,I_n*X_s)

//New
e x c i t a t i o n v o l t a g e (V)

16 excitation_change = (abs(E)-abs(E_n))/abs(E)*100

// Pe r c en tage change i n
e x c i t a t i o n (%)

17

18 // Re su l t S e c t i o n
19 printf( ’ Pe r c en tage change i n e x c i t a t i o n = %. 2 f

p e r c en t ’ ,excitation_change)
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Chapter 9

LOAD FLOW STUDIES

Scilab code Exa 9.1 Example

1 // Va r i a b l e D e c l a r a t i o n
2 Y_s12 = complex (2.96 , -20.16) // Line admit tance b

/w buse s 1 & 2(∗10ˆ−3 mho)
3 Y_p12 = complex (0 ,0.152) // Line admit tance b

/w buse s 1 & 2(∗10ˆ−3 mho)
4 Y_s15 = complex (2.72 , -18.32) // Line admit tance b

/w buse s 1 & 5(∗10ˆ−3 mho)
5 Y_p15 = complex (0 ,0.185) // Line admit tance b

/w buse s 1 & 5(∗10ˆ−3 mho)
6 Y_s23 = complex (3.0 , -22.8) // Line admit tance b

/w buse s 2 & 3(∗10ˆ−3 mho)
7 Y_p23 = complex (0 ,0.110) // Line admit tance b

/w buse s 2 & 3(∗10ˆ−3 mho)
8 Y_s25 = complex (1.48 , -10.30) // Line admit tance b

/w buse s 2 & 5(∗10ˆ−3 mho)
9 Y_p25 = complex (0 ,0.312) // Line admit tance b

/w buse s 2 & 5(∗10ˆ−3 mho)
10 Y_s34 = complex (2.96 , -20.16) // Line admit tance b

/w buse s 3 & 4(∗10ˆ−3 mho)
11 Y_p34 = complex (0 ,0.152) // Line admit tance b

/w buse s 3 & 4(∗10ˆ−3 mho)
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12 Y_s45 = complex (3.0 , -22.8) // Line admit tance b
/w buse s 4 & 5(∗10ˆ−3 mho)

13 Y_p45 = complex (0 ,0.110) // Line admit tance b
/w buse s 4 & 5(∗10ˆ−3 mho)

14

15

16 // Ca l c u l a t i o n S e c t i o n
17 Y_s13 = complex (0,0) // Line admit tance b

/w buse s 1 & 3(∗10ˆ−3 mho)
18 Y_p13 = complex (0,0) // Line admit tance b

/w buse s 1 & 3(∗10ˆ−3 mho)
19 Y_s14 = complex (0,0) // Line admit tance b

/w buse s 1 & 4(∗10ˆ−3 mho)
20 Y_p14 = complex (0,0) // Line admit tance b

/w buse s 1 & 4(∗10ˆ−3 mho)
21 Y_11 = (Y_s12+Y_s13+Y_s14+Y_s15)+(Y_p12+Y_p13+Y_p14+

Y_p15)

22 Y_12 = -Y_s12

23 Y_13 = -Y_s13

24 Y_14 = -Y_s14

25 Y_15 = -Y_s15

26

27 Y_s21 = Y_s12

28 Y_p21 = Y_p12

29 Y_s24 = complex (0,0) // Line admit tance b
/w buse s 2 & 4(∗10ˆ−3 mho)

30 Y_p24 = complex (0,0) // Line admit tance b
/w buse s 2 & 4(∗10ˆ−3 mho)

31 Y_21 = Y_12

32 Y_22 = (Y_s21+Y_s23+Y_s24+Y_s25)+(Y_p21+Y_p23+Y_p24+

Y_p25)

33 Y_23 = -Y_s23

34 Y_24 = -Y_s24

35 Y_25 = -Y_s25

36

37 Y_s31 = Y_s13

38 Y_p31 = Y_p13

39 Y_s32 = Y_s23
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40 Y_p32 = Y_p23

41 Y_s35 = complex (0,0) // Line admit tance b
/w buse s 2 & 4(∗10ˆ−3 mho)

42 Y_p35 = complex (0,0) // Line admit tance b
/w buse s 2 & 4(∗10ˆ−3 mho)

43 Y_33 = (Y_s31+Y_s32+Y_s34+Y_s35)+(Y_p31+Y_p32+Y_p34+

Y_p35)

44 Y_34 = -Y_s34

45 Y_35 = -Y_s35

46 Y_31 = Y_13

47 Y_32 = Y_23

48 Y_33 = (Y_s31+Y_s32+Y_s34+Y_s35)+(Y_p31+Y_p32+Y_p34+

Y_p35)

49 Y_34 = -Y_s34

50 Y_35 = -Y_s35

51

52 Y_s41 = Y_s14

53 Y_p41 = Y_p14

54 Y_s42 = Y_s24

55 Y_p42 = Y_p24

56 Y_s43 = Y_s34

57 Y_p43 = Y_p34

58 Y_41 = Y_14

59 Y_42 = Y_24

60 Y_43 = Y_34

61 Y_44 = (Y_s41+Y_s42+Y_s43+Y_s45)+(Y_p41+Y_p42+Y_p43+

Y_p45)

62 Y_45 = -Y_s45

63

64 Y_s51 = Y_s15

65 Y_p51 = Y_p15

66 Y_s52 = Y_s25

67 Y_p52 = Y_p25

68 Y_s53 = Y_s35

69 Y_p53 = Y_p35

70 Y_s54 = Y_s45

71 Y_p54 = Y_p45

72 Y_51 = Y_15
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73 Y_52 = Y_25

74 Y_53 = Y_35

75 Y_54 = Y_45

76 Y_55 = (Y_s51+Y_s52+Y_s53+Y_s54)+(Y_p51+Y_p52+Y_p53+

Y_p54)

77

78 Y_bus = [[Y_11 , Y_12 , Y_13 , Y_14 , Y_15],

79 [Y_21 , Y_22 , Y_23 , Y_24 , Y_25],

80 [Y_31 , Y_32 , Y_33 , Y_34 , Y_35],

81 [Y_41 , Y_42 , Y_43 , Y_44 , Y_45],

82 [Y_51 , Y_52 , Y_53 , Y_54 , Y_55]]

83

84 // Re su l t S e c t i o n
85 printf( ’ The Y bus matr ix f o r the f i v e −bus system i s

: \ n ’ )
86 disp(Y_bus)

Scilab code Exa 9.2 Example

1 // Va r i a b l e D e c l a r a t i o n
2 V_1 = complex (1.04 ,0) // Vo l tage at bus 1( p

. u )
3 S_D1 = complex (0.55 ,0.15) //Power at bus 1( p . u

)
4 S_D2 = complex (1.0 ,0.3) //Power at bus 2( p . u

)
5 Y_11 = complex (0.988 , -9.734) // Admittance at bus

1( p . u )
6 Y_22 = Y_11 // Admittance at bus

2( p . u )
7 Y_12 = complex ( -0.988 ,9.9) // Admittance b/w bus

1 & 2( p . u )
8 Y_21 = Y_12 // Admittance b/w bus

2 & 1( p . u )
9
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10 // Ca l c u l a t i o n S e c t i o n
11 V_2_0 = complex (1,0)

//
I n i t i a l v a l u e o f V 2

12 S_2 = complex (-1,0.3)

//P 2+j
∗Q 2

13 V_2_1 = (1/ Y_22)*(S_2/conj(V_2_0)-Y_21*V_1)

14 V_2_2 = (1/ Y_22)*(S_2/conj(V_2_1)-Y_21*V_1)

15 V_2_3 = (1/ Y_22)*(S_2/conj(V_2_2)-Y_21*V_1)

16 V_2_4 = (1/ Y_22)*(S_2/conj(V_2_3)-Y_21*V_1)

17 V_2_5 = (1/ Y_22)*(S_2/conj(V_2_4)-Y_21*V_1)

18 V_2 = V_2_5

// Vo l tage 2( p . u )
19 S_1_con = conj(V_1)*Y_11*V_1 + conj(V_1)*Y_12*V_2

// Conjugate o f s l a c k bus net power
20 S_1 = conj(S_1_con)

21 S_G1 = S_1 + S_D1

//
Generated power at bus 1( p . u )

22 P_L = real(S_G1) - (real(S_D1) + real(S_D2))

// Real power l o s s ( p . u )
23 Q_L = imag(S_G1) - (imag(S_D1) + imag(S_D2))

// Reac t i v e power l o s s ( p . u )
24

25 // Re su l t S e c t i o n
26 printf( ’ Vo l tage at bus 2 , V 2 = %. 4 f % . 2 f p . u ’

,abs(V_2),phasemag(V_2))

27 printf( ’ Generated power at bus 1 , S G1 = (%. 2 f + j%
. 3 f ) p . u ’ ,real(S_G1),imag(S_G1))

28 printf( ’ Real power l o s s i n the system = %. 2 f p . u ’ ,

P_L)

29 printf( ’ Rea c t i v e power l o s s i n the system = %. 3 f p . u
’ ,Q_L)
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Chapter 10

POWER SYSTEM
ECONOMICS

Scilab code Exa 10.1 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 max_dm_kW = 150.0 //Maximum demand (kW)
4 pf = 0.85 // Average power f a c t o r
5 rate = 90.0 // Cost o f maximum demand (Rs/

kVA)
6 E_rate = 0.3 // Cost o f ene rgy consumed (Rs

)
7 lf = 0.65 //Annual l oad f a c t o r
8

9 // Ca l c u l a t i o n S e c t i o n
10 max_dm_kVA = max_dm_kW/pf //Maximum

demand (kVA)
11 annual_chg_kVA = rate*max_dm_kVA //Annual

f i x e d cha r g e s based on max demand (Rs )
12 E_kWh = lf *365*24* max_dm_kW // Energy

consumed per annum(kWh)
13 annual_E_chg = E_kWh*E_rate //Annual

ene rgy cha r g e s (Rs )
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14 annual_elect_charge = annual_chg_kVA + annual_E_chg

//Annual e l e c t r i c i t y cha rge to be pa id (Rs )
15

16 // Re su l t S e c t i o n
17 printf( ’ Annual e l e c t r i c i t y cha r g e s to be pa id by

consumer = Rs %. 2 f ’ ,annual_elect_charge)

Scilab code Exa 10.2 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 P = 75.0 //Power (kW)
4 cost_plant = 3000.0 // Cost o f p l an t (Rs/kW)
5 cost_td = 30.0*10**5 // Cost o f t r a n sm i s s i o n &

d i s t r i b u t i o n (Rs )
6 interest = 0.15 // I n t e r e s t , i n s u r a n c e cha r g e s

(/ annum)
7 depreciation = 0.05 // Dep r e c i a t i o n (/ annum)
8 cost_fix_mt = 4.0*10**5 // Fixed ma in ta inance (Rs )
9 cost_var_mt = 6.0*10**5 // Va r i a b l e ma in ta inance (Rs )

10 cost_fuel = 10.0*10**6 // Fue l c o s t (Rs/annum)
11 cost_opr = 3.0*10**6 // Operat i on c o s t (Rs/annum)
12 max_demand = 70.0 //Maximum demand (MW)
13 df = 1.6 // D i v e r s i t y f a c t o r b/w

consumers
14 lf = 0.6 //Annual l oad f a c t o r
15 dividend = 10**6 // Div idend to s h a r e h o l d e r s (

Rs/annum)
16 per_L = 0.10 // Tota l ene rgy l o s s (% o f

g en e r a t ed ene rgy )
17

18

19 // Ca l c u l a t i o n S e c t i o n
20 cost = cost_plant*P*1000

// Cost o f
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p l an t (Rs )
21 per_value = interest+depreciation

// Tota l i n t e r e s t &
d e p r e c i a t i o n (/ annum)

22 cost_fix_ann = (cost+cost_opr)*per_value+cost_fix_mt

+dividend // Tota l f i x e d c o s t (Rs )
23 cost_var_ann = cost_fuel+cost_opr+cost_var_mt

// Tota l runn ing c o s t (Rs )
24 E_gen_ann = max_demand *1000*24*365* lf

// Energy g en e r a t ed per
annum(kWh)

25 E_loss = per_L*E_gen_ann

// Energy
l o s s e s (kWh)

26 E_sold = E_gen_ann - E_loss

// Energy s o l d
(kWh)

27 sum_max_demand = df*max_demand *1000

//Sum o f maximum
demand o f consumers (kW)

28 charge_max_demand = cost_fix_ann/sum_max_demand

// Charge to consumers per kW o f
max demand per yea r (Rs )

29 charge_energy = cost_var_ann/E_sold *100

// Charge f o r ene rgy ( p a i s e
per kWh)

30

31

32 // Re su l t S e c t i o n
33 printf( ’Two−pa r t t a r i f f i s : ’ )
34 printf( ’ Rs %. 2 f per kW o f maximum demand per yea r +

%. 1 f p a i s e per kWh consumed ’ ,charge_max_demand ,

charge_energy)

Scilab code Exa 10.3 Example
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1

2 // Va r i a b l e D e c l a r a t i o n
3 P_D = 500.0 // Tota l l o ad (MW)
4 b_1 = 15.0 // Beta va lu e o f c o n t r o l l a b l e the rma l

p l an t C1
5 g_1 = 0.012 //Gamma va lu e o f c o n t r o l l a b l e

the rma l p l an t C1
6 b_2 = 16.0 // Beta va lu e o f c o n t r o l l a b l e the rma l

p l an t C2
7 g_2 = 0.018 //Gamma va lu e o f c o n t r o l l a b l e

the rma l p l an t C2
8 b_3 = 19.0 // Beta va lu e o f c o n t r o l l a b l e the rma l

p l an t C3
9 g_3 = 0.020 //Gamma va lu e o f c o n t r o l l a b l e

the rma l p l an t C3
10

11

12 // Ca l c u l a t i o n S e c t i o n
13 l = (P_D+(( b_1 /(2* g_1))+(b_2 /(2* g_2))+(b_3 /(2* g_3)))

)/((1/(2* g_1))+(1/(2* g_2))+(1/(2* g_3))) //Lambda
va lu e which i s a Lagrange m u l t i p l i e r

14 P_G1 = (l - b_1)/(2* g_1) // (MW)
15 P_G2 = (l - b_2)/(2* g_2) // (MW)
16 P_G3 = (l - b_3)/(2* g_3) // (MW)
17 C1 = 1500.0 + b_1*P_G1 + g_1*P_G1 **2 // Fue l c o s t

o f p l an t C1(Rs/ hr )
18 C2 = 2000.0 + b_2*P_G2 + g_2*P_G2 **2 // Fue l c o s t

o f p l an t C2(Rs/ hr )
19 C3 = 1000.0 + b_3*P_G3 + g_3*P_G3 **2 // Fue l c o s t

o f p l an t C3(Rs/ hr )
20 C = C1 + C2 + C3 // Tota l f u e l

c o s t (Rs/ hr )
21

22

23 // Re su l t S e c t i o n
24 printf( ’ Value o f from equa t i on ( 1 0 . 1 4 ) = %. 3 f ’ ,l)

25 printf( ’ Optimal s c h e du l i n g o f the rma l p l an t C1 = %. 2
f MW’ ,P_G1)
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26 printf( ’ Optimal s c h e du l i n g o f the rma l p l an t C2 = %. 2
f MW’ ,P_G2)

27 printf( ’ Optimal s c h e du l i n g o f the rma l p l an t C3 = %. 2
f MW’ ,P_G3)

28 printf( ’ Tota l c o s t , C = Rs %. 2 f / hr ’ ,C)
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Chapter 12

OVER VOLTAGE
TRANSIENTS IN POWER
SYSTEMS AND
PROTECTION

Scilab code Exa 12.1 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 V_i = 100.0 // I n c i d e n t v o l t a g e (kV)
4 Z_1 = 400.0 // Surge impedance (ohm)
5 Z_2 = 350.0 // Surge impedance (ohm)
6

7

8 // Ca l c u l a t i o n S e c t i o n
9 beta = 2*Z_2/(Z_1+Z_2) // R e f r a c t i o n

c o e f f e i c i e n t o f v o l t a g e
10 alpha = (Z_2 -Z_1)/(Z_1+Z_2) // R e f l e c t i o n

c o e f f e i c i e n t o f v o l t a g e
11 V_t = beta*V_i // Re f r a c t ed v o l t a g e (kV)
12 V_r = alpha*V_i // R e f l e c t e d v o l t a g e (kV)
13 I_t = V_t/Z_2 *1000 // Re f r a c t ed c u r r e n t (A)

88



14 I_r = -(V_r/Z_1)*1000 // R e f l e c t e d c u r r e n t (A)
15

16

17 // Re su l t S e c t i o n
18 printf( ’ R e f l e c t e d v o l t a g e , V r = %. 1 f kV ’ ,V_r)

19 printf( ’ R e f r a c t ed v o l t a g e , V t = %. 1 f kV ’ ,V_t)

20 printf( ’ R e f l e c t e d c u r r e n t , I r = %. 1 f A ’ ,I_r)

21 printf( ’ R e f r a c t ed c u r r e n t , I t = %. 1 f A ’ ,I_t)

Scilab code Exa 12.2 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 V_i = 100.0 // I n c i d e n t v o l t a g e (kV)
4 Z_1 = 400.0 // Surge impedance (ohm)
5 Z_21 = 350.0 // Surge impedance o f l i n e

connec t ed at T(ohm)
6 Z_22 = 50.0 // Surge impedance o f c a b l e

connec t ed at T(ohm)
7

8

9 // Ca l c u l a t i o n S e c t i o n
10 Z_2 = Z_21*Z_22/(Z_21+Z_22) // Surge impedance (

ohm)
11 V_t = 2*Z_2*V_i/(Z_1+Z_2) // Re f r a c t ed v o l t a g e (

kV)
12 V_r = (Z_2 -Z_1)*V_i/(Z_1+Z_2) // R e f l e c t e d v o l t a g e (

kV)
13 I_t1 = V_t/Z_21 *1000 // Re f r a c t ed c u r r e n t

i n Z 21 (A)
14 I_t2 = V_t/Z_22 *1000 // Re f r a c t ed c u r r e n t

i n Z 22 (A)
15 I_r = -(V_r/Z_1)*1000 // R e f l e c t e d c u r r e n t

i n Z 1 (A)
16
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17

18 // Re su l t S e c t i o n
19 printf( ’ R e f r a c t ed v o l t a g e , V t = %. 2 f kV ’ ,V_t)

20 printf( ’ R e f r a c t ed c u r r e n t i n overhead l i n e , I t 1 =
%. 2 f A ’ ,I_t1)

21 printf( ’ R e f r a c t ed c u r r e n t i n underground c ab l e ,
I t 2 = %. 2 f A ’ ,I_t2)

Scilab code Exa 12.3 Example

1

2

3 // Va r i a b l e D e c l a r a t i o n
4 V_i = 100.0 // I n c i d e n t v o l t a g e (kV)
5 Z_1 = 400.0 // Surge impedance o f overhead

l i n e (ohm)
6 Z_2 = 50.0 // Surge impedance o f underground

c ab l e (ohm)
7

8

9 // Ca l c u l a t i o n S e c t i o n
10 beta = 2*Z_2/(Z_1+Z_2) // R e f r a c t i o n

c o e f f e i c i e n t o f v o l t a g e
11 alpha = (Z_2 -Z_1)/(Z_1+Z_2) // R e f l e c t i o n

c o e f f e i c i e n t o f v o l t a g e
12 V_t = beta*V_i // Re f r a c t ed v o l t a g e (kV)
13 V_r = alpha*V_i // R e f l e c t e d v o l t a g e (kV)
14 I_t = V_t/Z_2 *1000 // Re f r a c t ed c u r r e n t (A)
15 I_r = -(V_r/Z_1)*1000 // R e f l e c t e d c u r r e n t (A)
16

17

18

19 // Re su l t S e c t i o n
20 printf( ’ R e f l e c t e d v o l t a g e , V r = %. 1 f kV ’ ,V_r)

21 printf( ’ R e f r a c t ed v o l t a g e , V t = %. 1 f kV ’ ,V_t)
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22 printf( ’ R e f l e c t e d c u r r e n t , I r = %. 1 f A ’ ,I_r)

23 printf( ’ R e f r a c t ed c u r r e n t , I t = %. 1 f A ’ ,I_t)

Scilab code Exa 12.5 Example

1

2

3 // Va r i a b l e D e c l a r a t i o n
4 R = 74.0*10** -6 // Re s i s t a n c e o f overhead

l i n e (ohm/meter )
5 L = 1.212*10** -6 // Induc tance o f overhead

l i n e (H/meter )
6 C = 9.577*10** -12 // Capac i t ance o f overhead

l i n e (F/meter )
7

8

9 // Ca l c u l a t i o n S e c t i o n
10 Z_0 = (L/C)**0.5 // Surge impedance o f l i n e (

ohm)
11 a = R/(2* Z_0)

12 x_1 = log(2)/a // D i s t anc e to be t r a v e l l e d (m)
13

14

15 // Re su l t S e c t i o n
16 printf( ’ The d i s t a n c e the su r g e must t r a v e l to

a t t e nua t e to h a l f v a l u e = %. 2 e meter = %. 2 e km ’ ,

x_1 ,x_1 *10** -3)

Scilab code Exa 12.7 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 V_i = 2000.0 // I n c i d e n t v o l t a g e (kV)
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4 Z = 300.0 // Surge impedance (ohm)
5 V_p = 1200.0 // A r r e s t e r p r o t e c t i o n l e v e l (kV)
6

7 // Ca l c u l a t i o n S e c t i o n
8 I_surge = V_i/Z // Surge c u r r e n t (kA)
9 V_oc = 2*V_i //Open−c i r c u i t v o l t a g e (kV)
10 I_A = (V_oc -V_p)/Z // Current through the

a r r e s t o r (kA)
11 I_r = I_A - I_surge // R e f l e c t e d c u r r e n t i n l i n e (

kA)
12 V_r = -I_r*Z // R e f l e c t e d v o l t a g e o f l i n e (

kV)
13 V_t = V_p // Re f r a c t ed v o l t a g e i n t o

a r r e s t o r (kV)
14 V_r_coeff = V_r/V_i // R e f l e c t e d c o e f f i c i e n t o f

v o l t a g e
15 V_t_coeff = V_t/V_i // Re f r a c t ed c o e f f i c i e n t o f

v o l t a g e
16 R_a = V_p/I_A // A r r e s t o r r e s i s t a n c e (ohm)
17

18

19 // Re su l t S e c t i o n
20 printf( ’ Case ( a ) : ’ )
21 printf( ’ Current f l ow i n g i n l i n e b e f o r e the su r g e

v o l t a g e r e a c h e s the a r r e s t o r t e rm i n a l = %. 2 f kA ’
,I_surge)

22 printf( ’ \nCase ( b ) : ’ )
23 printf( ’ Current through the a r r e s t o r , I A = %. 2 f kA

’ ,I_A)

24 printf( ’ \nCase ( c ) : ’ )
25 printf( ’ R e f r a c t i o n c o e f f i c i e n t o f v o l t a g e at

a r r e s t o r t e rm i n a l s = %. 1 f ’ ,V_t_coeff)

26 printf( ’ R e f l e c t i o n c o e f f i c i e n t o f v o l t a g e at
a r r e s t o r t e rm i n a l s = %. 1 f ’ ,V_r_coeff)

27 printf( ’ \nCase ( d ) : ’ )
28 printf( ’ Value o f a r r e s t o r r e s i s t a n c e = %. 1 f ohm ’ ,

R_a)
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Chapter 13

SHORT CIRCUIT
PHENOMENA

Scilab code Exa 13.1 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 kv_gA = 11.0 // Vo l tage r a t i n g o f g e n e r a t o r A(

kV)
4 MVA_gA = 40.0 //MVA r a t i n g o f g e n e r a t o r A
5 x_gA = 0.12 // Reactance o f g e n e r a t o r A( p . u )
6 kv_gB = 11.0 // Vo l tage r a t i n g o f g e n e r a t o r B(

kV)
7 MVA_gB = 20.0 //MVA r a t i n g o f g e n e r a t o r B
8 x_gB = 0.08 // Reactance o f g e n e r a t o r B( p . u )
9 kv_Tlv = 11.0 //Low−v o l t a g e wind ing o f

t r a n s f o rme r (kV)
10 kv_Thv = 66.0 //High−v o l t a g e wind ing o f

t r a n s f o rme r (kV)
11 x_T = 0.10 // Reactance o f Trans fo rmer ( p . u )
12 kv_f = 66.0 // Feeder v o l t a g e (kV)
13 x_f = 30.0 // Reactance o f f e e d e r (ohm)
14

15
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16 // Ca l c u l a t i o n S e c t i o n
17 MVA_base = 75.0

// Base MVA
18 kv_base_lv = 11.0

// Base v o l t a g e on LT s i d e (kV)
19 kv_base_hv = 66.0

// Base v o l t a g e on HT s i d e (kV)
20 x_gA_new = x_gA*( MVA_base/MVA_gA)

//New Reactance o f g e n e r a t o r A( p . u )
21 x_gB_new = x_gB*( MVA_base/MVA_gB)

//New Reactance o f g e n e r a t o r B( p . u )
22 x_f_new = x_f*( MVA_base/kv_base_hv **2)

//New r e a c t a n c e o f f e e d e r ( p . u )
23

24 x_eq = x_T+( x_gA_new*x_gB_new /( x_gA_new+x_gB_new))

// Equ i va l en t r e a c t a n c e ( p . u )
25 V_f = kv_Thv/kv_base_hv

// Fau l t v o l t a g e by app l y i ng Thevenin ’ s Theorem at
FF( p . u )

26 I_f = V_f/complex(0,x_eq)

// Fau l t c u r r e n t (A)
27 I_f_ht = I_f*( MVA_base *1000/(3**0.5* kv_base_hv))

// Fau l t c u r r e n t on HT s i d e (A)
28 I_f_lt = I_f_ht*kv_base_hv/kv_base_lv

// Fau l t c u r r e n t on LT s i d e (A)
29 MVA_fault = V_f*MVA_base/x_eq

// Fau l t MVA
30 I_A = I_f*x_gB_new /( x_gA_new+x_gB_new)

// Current i n g e n e r a t o r A( p . u )
31 I_A1 = I_A*MVA_base *1000/(3**0.5* kv_base_lv)

// Current i n g e n e r a t o r A(A)
32 I_B = I_f*x_gA_new /( x_gA_new+x_gB_new)

// Current i n g e n e r a t o r B( p . u )
33 I_B1 = I_B*MVA_base *1000/(3**0.5* kv_base_lv)

// Current i n g e n e r a t o r B(A)
34

35 x_eq2 = x_f_new+x_T+( x_gA_new*x_gB_new /( x_gA_new+

x_gB_new)) // Equ i va l en t r e a c t a n c e ( p . u )
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36 I_f2 = V_f/complex(0,x_eq2)

// Fau l t
c u r r e n t ( p . u )

37 I_f_ht2 = I_f2*( MVA_base *1000/(3**0.5* kv_base_hv))

// Fau l t c u r r e n t on HT s i d e (A)
38 MVA_fault2 = V_f*MVA_base/x_eq2

// Fau l t MVA
39 I_A_pu = I_f2*x_gB_new /( x_gA_new+x_gB_new)

// Current i n g e n e r a t o r A( p . u
)

40 I_A2 = I_A_pu*MVA_base *1000/(3**0.5* kv_base_lv)

// Current i n g e n e r a t o r A(A)
41 I_B_pu = I_f2*x_gA_new /( x_gA_new+x_gB_new)

// Current i n g e n e r a t o r B( p . u
)

42 I_B2 = I_B_pu*MVA_base *1000/(3**0.5* kv_base_lv)

// Current i n g e n e r a t o r B(A)
43

44

45 // Re su l t S e c t i o n
46 printf( ’ Case ( a ) : ’ )
47 printf( ’ Fau l t MVA f o r symmetr ic f a u l t at the h igh

v o l t a g e t e rm i n a l s o f t r a n s f o rme r = %. 2 f MVA’ ,

MVA_fault)

48 printf( ’ Fau l t c u r r e n t sha r ed by g e n e r a t o r A , I A =
%. 2 f j A ’ ,imag(I_A1))

49 printf( ’ Fau l t c u r r e n t sha r ed by g e n e r a t o r B , I B =
%. 2 f j A ’ ,imag(I_B1))

50 printf( ’ \nCase ( b ) : ’ )
51 printf( ’ Fau l t MVA f o r symmetr ic f a u l t at the l oad

end o f the f e e d e r = %. 2 f MVA’ ,MVA_fault2)

52 printf( ’ Fau l t c u r r e n t sha r ed by g e n e r a t o r A , I A =
%. 2 f j A ’ ,imag(I_A2))

53 printf( ’ Fau l t c u r r e n t sha r ed by g e n e r a t o r B , I B =
%. 2 f j A ’ ,imag(I_B2))
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Scilab code Exa 13.2 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 MVA_base = 100.0 // Base MVA
4 x1 = 0.15 // Reactance b/w F & B(p . u ) . (

Re f e r t ex tbook diagram f o r marking )
5 x2 = 0.1 // Reactance b/w F & B(p . u )
6 x3 = 0.18 // Reactance b/w B & C(p . u )
7 x4 = 0.1 // Reactance b/w B & F(p . u )
8 x5 = 0.05 // Reactance b/w F & C(p . u )
9 x6 = 0.05 // Reactance b/w F & C(p . u )

10 x7 = 0.1 // Reactance b/w C & F(p . u )
11 x8 = 0.12 // Reactance b/w C & F(p . u )
12

13

14 // Ca l c u l a t i o n S e c t i o n
15 V_f = 1.0 // Fau l t v o l t a g e by app l y i ng

Thevenin ’ s Theorem at FF( p . u )
16 x1_eq = x1+x2

17 x2_eq = x7+x8

18 x3_eq = x5*x6/(x5+x6)

19 x4_eq = x3*x4/(x3+x4+x3_eq)

20 x5_eq = x4*x3_eq /(x3+x4+x3_eq)

21 x6_eq = x3*x3_eq /(x3+x4+x3_eq)

22 x7_eq = (x1_eq+x4_eq)*(x2_eq+x6_eq)/( x1_eq+x4_eq+

x2_eq+x6_eq)

23 X_eq = x7_eq+x5_eq // Equ i va l en t
r e a c t a n c e

24 MVA_SC = V_f*MVA_base/X_eq // Shor t c i r c u i t MVA
at A

25

26

27 // Re su l t S e c t i o n
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28 printf( ’ Rat ing o f the c i r c u i t b r e ak e r at the
l o c a t i o n A = %. 1 f MVA’ ,MVA_SC)

29 printf( ’ \nNOTE : ERROR : De l ta to s t a r r e a c t a n c e
c o nv e r s i o n mi s take i n t ex tbook ’ )

Scilab code Exa 13.3 Example

1

2

3 // Va r i a b l e D e c l a r a t i o n
4 x = 1.2 // Reactance o f

i n t e r c o n n e c t o r (ohm per phase )
5 kv = 33.0 // Vo l tage o f bus−bar s (kV)
6 SC_MVA1 = 3000.0 // Short−c i r c u i t MVA at bus−

bar o f f i r s t s t a t i o n (MVA)
7 SC_MVA2 = 2000.0 // Short−c i r c u i t MVA at bus−

bar o f s econd s t a t i o n (MVA)
8

9

10 // Ca l c u l a t i o n S e c t i o n
11 MVA_base = 3000.0 // Base MVA
12 kv_base = 33.0 // Base kV
13 x_c = x*( MVA_base/kv_base **2) // Cable

r e a c t a n c e ( p . u )
14 x1 = MVA_base/SC_MVA1 // Reactance b/w

e .m. f s o u r c e & bus−bar s f o r s t a t i o n 1( p . u )
15 x2 = MVA_base/SC_MVA2 // Reactance b/w

e .m. f s o u r c e & bus−bar s f o r s t a t i o n 2( p . u )
16 V_f = 1.0 // Fau l t v o l t a g e

by app l y i ng Thevenin ’ s Theorem at FF( p . u )
17 X_eq1 = x1*(x_c+x2)/(x1+x_c+x2) // Thevenin

r e a c t a n c e f o r shor t−c i r c u i t at bus ba r s at
s t a t i o n 1( p . u )

18 SC_MVA1_poss = V_f*MVA_base/X_eq1 // P o s s i b l e sho r t
−c i r c u i t at s t a t i o n 1(MVA)
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19 X_eq2 = x2*(x_c+x1)/(x1+x_c+x2) // Thevenin
r e a c t a n c e f o r shor t−c i r c u i t at bus ba r s at
s t a t i o n 2( p . u )

20 SC_MVA2_poss = V_f*MVA_base/X_eq2 // P o s s i b l e sho r t
−c i r c u i t at s t a t i o n 2(MVA)

21

22

23 // Re su l t S e c t i o n
24 printf( ’ P o s s i b l e sho r t−c i r c u i t MVA at s t a t i o n 1 = %

. 2 f MVA’ ,SC_MVA1_poss)

25 printf( ’ P o s s i b l e sho r t−c i r c u i t MVA at s t a t i o n 2 = %
. 2 f MVA’ ,SC_MVA2_poss)

Scilab code Exa 13.4 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 MVA_G1 = 20.0 //MVA r a t i n g o f g e n e r a t o r 1(MVA)
4 kv_G1 = 13.2 // Vo l tage r a t i n g o f g e n e r a t o r 1(

kV)
5 x_G1 = 0.14 // Reactance o f g e n e r a t o r 1( p . u )
6 MVA_T1 = 20.0 //MVA r a t i n g o f t r a n s f o rme r 1(

MVA)
7 kv_T1_lv = 13.2 //L .V v o l t a g e r a t i n g o f

t r a n s f o rme r 1(kV)
8 kv_T1_hv = 132.0 //H.V vo l t a g e r a t i n g o f

t r a n s f o rme r 1(kV)
9 x_T1 = 0.08 // Reactance o f t r a n s f o rme r 1( p . u

)
10 MVA_G2 = 30.0 //MVA r a t i n g o f g e n e r a t o r 2(MVA)
11 kv_G2 = 13.2 // Vo l tage r a t i n g o f g e n e r a t o r 2(

kV)
12 x_G2 = 0.16 // Reactance o f g e n e r a t o r 2( p . u )
13 MVA_T2 = 30.0 //MVA r a t i n g o f t r a n s f o rme r 2(

MVA)
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14 kv_T2_lv = 13.2 //L .V v o l t a g e r a t i n g o f
t r a n s f o rme r 2(kV)

15 kv_T2_hv = 132.0 //H.V vo l t a g e r a t i n g o f
t r a n s f o rme r 2(kV)

16 x_T2 = 0.12 // Reactance o f t r a n s f o rme r 2( p . u
)

17 x_L = 75.0 // Line r e a c t a n c e (ohm)
18

19 // Ca l c u l a t i o n S e c t i o n
20 MVA_base = 45.0 //

Base MVA
21 kv_lv_base = 13.2 //L .

T base v o l t a g e (kV)
22 kv_hv_base = 132.0 //H.

T base v o l t a g e (kV)
23 I_lt_base = MVA_base *1000/(3**0.5* kv_lv_base) //

Base c u r r e n t on LT s i d e (A)
24 x_G1_new = x_G1*( MVA_base/MVA_G1) //

New r e a c t a n c e o f g e n e r a t o r 1( p . u )
25 x_G2_new = x_G2*( MVA_base/MVA_G2) //

New r e a c t a n c e o f g e n e r a t o r 2( p . u )
26 x_T1_new = x_T1*( MVA_base/MVA_T1) //

New r e a c t a n c e o f t r a n s f o rme r 1( p . u )
27 x_T2_new = x_T2*( MVA_base/MVA_T2) //

New r e a c t a n c e o f t r a n s f o rme r 2( p . u )
28 x_L_new = x_L*( MVA_base/kv_hv_base **2) //

New l i n e r e a c t a n c e ( p . u )
29 V_f = 1.0 //

Pre− f a u l t v o l t a g e at f a u l t po i n t FF( p . u )
30 x_T = (x_L_new /2) +(( x_G1_new+x_T1_new)*( x_G2_new+

x_T2_new)/( x_G1_new+x_T1_new+x_G2_new+x_T2_new))

// Thevenin r e a c t a n c e ( p . u )
31 I_f = V_f/complex(0,x_T)

//
Fau l t c u r r e n t (A)

32 I_G1 = I_f*( x_G2_new+x_T2_new)/( x_G1_new+x_T1_new+

x_G2_new+x_T2_new) // Fau l t c u r r e n t sha r ed by
g e n e r a t o r 1( p . u )
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33 I_f_G1 = I_G1*I_lt_base

// Fau l t c u r r e n t sha r ed by g e n e r a t o r 1(A)
34 I_G2 = I_f*( x_G1_new+x_T1_new)/( x_G1_new+x_T1_new+

x_G2_new+x_T2_new) // Fau l t c u r r e n t sha r ed by
g e n e r a t o r 2( p . u )

35 I_f_G2 = I_G2*I_lt_base

// Fau l t c u r r e n t sha r ed by g e n e r a t o r 2(A)
36

37 // Re su l t S e c t i o n
38 printf( ’ Fau l t c u r r e n t f e d by g e n e r a t o r 1 = %. 1 f j A ’

,imag(I_f_G1))

39 printf( ’ Fau l t c u r r e n t f e d by g e n e r a t o r 2 = %. 1 f j A ’
,imag(I_f_G2))

40 printf( ’ \nNOTE : ERROR : MVA r a t i n g s o f G2 & T2 ar e
30 MVA , not 25 MVA as i n t ex tbook qu e s t i o n ’ )

Scilab code Exa 13.5 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 MVA_base = 20.0 // Base MVA
4

5 V_f = 1.0 //Pre− f a u l t v o l t a g e
at bus 1( p . u ) . ( Re f e r t ex tbook diagram f o r marking
. A f t e r c i r c u i t s i m p l i f i c a t i o n )

6 x1 = 0.049 // Reactance ( p . u )
7 x2 = 0.064 // Reactance ( p . u )
8 x3 = 0.04 // Reactance ( p . u )
9

10 // Ca l c u l a t i o n S e c t i o n
11 x_eq = (x1+x2)*x3/(x1+x2+x3) // Equ i va l en t

r e a c t a n c e ( p . u )
12 MVA_fault = V_f*MVA_base/x_eq // Fau l t MVA
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13

14

15 // Re su l t S e c t i o n
16 printf( ’SCC o f bus 1 = %. f MVA’ ,MVA_fault)

17 printf( ’ \nNOTE : Changes i n answer i s due to more
dec ima l p l a c e s ’ )

Scilab code Exa 13.6 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 x_G1 = 0.15 //Sub−t r a n s i e n t

r e a c t a n c e o f g e n e r a t o r 1( p . u )
4 x_G2 = 0.15 //Sub−t r a n s i e n t

r e a c t a n c e o f g e n e r a t o r 2( p . u )
5 x_T1 = 0.12 // Leakage r e a c t a n c e o f

t r a n s f o rme r 1( p . u )
6 x_T2 = 0.12 // Leakage r e a c t a n c e o f

t r a n s f o rme r 2( p . u )
7 x_s = 0.2 // Reactance o f t i e l i n e (

p . u )
8 load = complex (1.5 ,0.5) //Load ( p . u )
9 S_12 = complex (0.75 ,0.25) //Load at t i e l i n e ( p . u )
10 V1 = 1.0 //Pre− f a u l t v o l t a g e at

bus 1( p . u )
11

12 // Ca l c u l a t i o n S e c t i o n
13 V_f = 1.0 //

Vo l tage at FF( p . u )
14 Y_s = 1/ complex(0,x_s) //

S e r i e s admit tance o f l i n e ( p . u )
15 V2 = conj(1-(S_12/conj(Y_s))) // Vo l tage at bus

2( p . u )
16 Z_L = conj(abs(V2)**2/ load) //Load at

bus 2( p . u )

101



17 I_s = (V1 -V2)*Y_s //
Current through t i e l i n e ( p . u )

18 I1 = I_s //
Current through G1 & T1( p . u )

19 I_L = V2/Z_L //
Load cu r r e n t ( p . u )

20 I2 = I_L - I_s //
Pre− f a u l t c u r r e n t from g en e r a t o r 2( p . u )

21

22 x_eq = (x_G1+x_T1)*(x_G2+x_T2+x_s)/(x_G1+x_T1+x_G2+

x_T2+x_s) // Equ i va l en t r e a c t a n c e o f n/
w( p . u )

23 I_f = 1/ complex(0,x_eq)

// Fau l t c u r r e n t ( p . u )
24 I_f1 = I_f*(x_G2+x_T2+x_s)/(x_G1+x_T1+x_G2+x_T2+x_s)

// Fau l t c u r r e n t through G1 , T1
towards F( p . u )

25 I_f2 = I_f*(x_G1+x_T1)/(x_G1+x_T1+x_G2+x_T2+x_s)

// Fau l t c u r r e n t through G2
, T2 & t i e− l i n e towards F( p . u )

26

27 V_1f = 0

// Post− f a u l t v o l t a g e at bus 1( p . u )
28 V_2f = V_1f+(I_f2 -I_s)*complex(0,x_s)

// Post− f a u l t
v o l t a g e at bus 2( p . u )

29

30 SCC = V_f/x_eq

// Fau l t MVA or SCC
31

32 // Re su l t S e c t i o n
33 disp( ’ Case ( a ) : ’ )
34 printf( ’SCC o f bus 1 = %. 2 f p . u ’ ,SCC)
35 disp( ’ Case ( b ) : ’ )
36 printf( ’ Tota l post− f a u l t ac c u r r e n t sha r ed by
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g e n e r a t o r 1 , I f 1 = %. 2 f j p . u ’ ,imag(I_f1))

37 printf( ’ Tota l post− f a u l t ac c u r r e n t sha r ed by
g e n e r a t o r 2 , I f 2 = %. 2 f j p . u ’ ,imag(I_f2))

38 disp( ’ Case ( c ) : ’ )
39 printf( ’ Post− f a u l t v o l t a g e o f bus 2 , V 2f = %. 3

f % . 2 f p . u ’ ,abs(V_2f),phasemag(V_2f))

Scilab code Exa 13.7 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 I_a = 10.0* exp(%i*90* %pi /180) // Line c u r r e n t (A)
4 I_b = 10.0* exp(%i*-90*%pi /180) // Line c u r r e n t (A)
5 I_c = 10.0* exp(%i*0*%pi /180) // Line c u r r e n t (A)
6

7 // Ca l c u l a t i o n S e c t i o n
8 a = 1.0* exp(%i*120* %pi /180) // Operator
9 I_a0 = 1.0/3*( I_a+I_b+I_c) // Zero−

s equence component (A)
10 I_a1 = 1.0/3*( I_a+a*I_b+a**2* I_c) //

Po s i t i v e−s equence component (A)
11 I_a2 = 1.0/3*( I_a+a**2* I_b+a*I_c) //

Negat ive−s equence component (A)
12

13 // Re su l t S e c t i o n
14 printf( ’ Zero−s equence component , I a 0 = %. 2 f % .

f A ’ ,abs(I_a0),phasemag(I_a0))

15 printf( ’ P o s i t i v e−s equence component , I a 1 = %. 3
f % . f A ’ ,abs(I_a1),phasemag(I_a1))

16 printf( ’ Negat ive−s equence component , I a 2 = %. 1
f % . f A ’ ,abs(I_a2),phasemag(I_a2))

Scilab code Exa 13.8 Example
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1

2 // Va r i a b l e D e c l a r a t i o n
3 kv = 13.2 // Vo l tage r a t i n g o f g e n e r a t o r (kV)
4 MVA = 25.0 //MVA r a t i n g o f g e n e r a t o r
5 MVA_sc = 170.0 // Shor t c i r c u i t MVA
6 x0 = 0.05 // Zero s equence r e a c t a n c e ( p . u )
7 x2 = 0.13 // Nega t i v e s equence r e a c t a n c e ( p . u )
8

9 MVA_base = 25.0 //
Base MVA

10 kv_base = 13.2 //
Line−to− l i n e Base v o l t a g e (kV)

11 I_base = MVA_base *1000/(3**0.5* kv_base) //
Base c u r r e n t (A)

12 x1 = MVA_base/MVA_sc //
P o s i t i v e s equence r e a c t a n c e ( p . u )

13 V_f = 1.0 //
Pre− f a u l t t e rm i n a l v o l t a g e ( p . u )

14 Z_f = 0 //
Fau l t impedance

15 a = 1.0* exp(%i*120* %pi /180) // Operator
16

17 // Ca l c u l a t i o n S e c t i o n
18 I_a1 = V_f/complex (0,(x0+x1+x2)) //

P o s i t i v e s equence c u r r e n t ( p . u )
19 I_a2 = I_a1 //

Nega t i v e s equence c u r r e n t ( p . u )
20 I_a0 = I_a1 //

Zero s equence c u r r e n t ( p . u )
21 I_a = 3*I_a1*I_base //

Fau l t c u r r e n t at phase a (A)
22 I_b = 0 //

Fau l t c u r r e n t at phase b (A)
23 I_c = 0 //

Fau l t c u r r e n t at phase c (A)
24 V_a1 = V_f - I_a1*complex(0,x1) //

Terminal v o l t a g e ( p . u )
25 V_a2 = -I_a2*complex(0,x2) //

104



Terminal v o l t a g e ( p . u )
26 V_a0 = -I_a0*complex(0,x0) //

Terminal v o l t a g e ( p . u )
27 V_a = (V_a0+V_a1+V_a2)*kv_base /3**0.5 //

Line−to−n e u t r a l v o l t a g e at t e rm i n a l (kV)
28 V_b = (V_a0+a**2* V_a1+a*V_a2)*kv_base /3**0.5 //

Line−to−n e u t r a l v o l t a g e at t e rm i n a l (kV)
29 V_c = (V_a0+a*V_a1+a**2* V_a2)*kv_base /3**0.5 //

Line−to−n e u t r a l v o l t a g e at t e rm i n a l (kV)
30 V_ab = (V_a -V_b) //

Line v o l t a g e s at t e rm i n a l (kV)
31 V_bc = (V_b -V_c) //

Line v o l t a g e s at t e rm i n a l (kV)
32 V_ca = (V_c -V_a) //

Line v o l t a g e s at t e rm i n a l (kV)
33

34 I_a12 = V_f/complex (0,(x1+x2)) //
P o s i t i v e s equence c u r r e n t ( p . u )

35 I_a22 = -I_a12 //
Nega t i v e s equence c u r r e n t ( p . u )

36 I_a02 = 0 //
Zero s equence c u r r e n t ( p . u )

37 I_a_2 = (I_a12+I_a22+I_a02)*I_base //
Fau l t c u r r e n t at phase a (A)

38 I_b_2 = (a**2* I_a12+a*I_a22+I_a02)*I_base //
Fau l t c u r r e n t at phase b (A)

39 I_c_2 = -I_b_2 //
Fau l t c u r r e n t at phase c (A)

40 V_a12 = V_f - I_a12*complex(0,x1) //
Terminal v o l t a g e ( p . u )

41 V_a22 = V_a12 //
Terminal v o l t a g e ( p . u )

42 V_a02 = 0 //
Terminal v o l t a g e ( p . u )

43 V_a_2 = (V_a02+V_a12+V_a22)*kv_base /3**0.5 //
Line−to−n e u t r a l v o l t a g e at t e rm i n a l (kV)

44 V_b_2 = (V_a02+a**2* V_a12+a*V_a22)*kv_base /3**0.5 //
Line−to−n e u t r a l v o l t a g e at t e rm i n a l (kV)
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45 V_c_2 = (V_a02+a*V_a12+a**2* V_a22)*kv_base /3**0.5 //
Line−to−n e u t r a l v o l t a g e at t e rm i n a l (kV)

46 V_ab2 = (V_a_2 -V_b_2) //
Line v o l t a g e s at t e rm i n a l (kV)

47 V_bc2 = (V_b_2 -V_c_2) //
Line v o l t a g e s at t e rm i n a l (kV)

48 V_ca2 = (V_c_2 -V_a_2) //
Line v o l t a g e s at t e rm i n a l (kV)

49

50 I_a13 = V_f/complex (0,(x1+(x0*x2/(x0+x2)))) //
P o s i t i v e s equence c u r r e n t ( p . u )

51 I_a23 = -I_a13*x0/(x0+x2) //
Nega t i v e s equence c u r r e n t ( p . u )

52 I_a03 = -I_a13*x2/(x0+x2) //
Zero s equence c u r r e n t ( p . u )

53 I_a_3 = (I_a13+I_a23+I_a03)*I_base //
Fau l t c u r r e n t at phase a (A)

54 I_b_3 = (I_a03+a**2* I_a13+a*I_a23)*I_base //
Fau l t c u r r e n t at phase b (A)

55 I_c_3 = (I_a03+a*I_a13+a**2* I_a23)*I_base //
Fau l t c u r r e n t at phase c (A)

56 V_a13 = V_f -I_a13*complex(0,x1) //
Terminal v o l t a g e ( p . u )

57 V_a23 = V_a13 //
Terminal v o l t a g e ( p . u )

58 V_a03 = V_a13 //
Terminal v o l t a g e ( p . u )

59 V_a3 = (V_a03+V_a13+V_a23)*kv_base /3**0.5 //
Line−to−n e u t r a l v o l t a g e at t e rm i n a l (kV)

60 V_b3 = (V_a03+a**2* V_a13+a*V_a23)*kv_base /3**0.5 //
Line−to−n e u t r a l v o l t a g e at t e rm i n a l (kV)

61 V_c3 = (V_a03+a*V_a13+a**2* V_a23)*kv_base /3**0.5 //
Line−to−n e u t r a l v o l t a g e at t e rm i n a l (kV)

62 V_ab3 = (V_a3 -V_b3) //
Line v o l t a g e s at t e rm i n a l (kV)

63 V_bc3 = (V_b3 -V_c3) //
Line v o l t a g e s at t e rm i n a l (kV)

64 V_ca3 = (V_c3 -V_a3) //
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Line v o l t a g e s at t e rm i n a l (kV)
65

66

67 // Re su l t S e c t i o n
68 printf( ’ Case ( i ) : L−G f a u l t : ’ )
69 printf( ’ Shor t c i r c u i t c u r r e n t , I a = %. 1 f j A = %. 1

f % . f A ’ ,imag(I_a),abs(I_a),phasemag(I_a))

70 printf( ’ Shor t c i r c u i t c u r r e n t , I b = %. f % . f A
’ ,abs(I_b),phasemag(I_b))

71 printf( ’ Shor t c i r c u i t c u r r e n t , I c = %. f % . f A
’ ,abs(I_c),phasemag(I_c))

72 printf( ’ Terminal l i n e v o l t a g e , V ab = %. 2 f % . 2 f
kV ’ ,abs(V_ab),phasemag(V_ab))

73 printf( ’ Terminal l i n e v o l t a g e , V bc = %. 2 f % . 2 f
kV ’ ,abs(V_bc),phasemag(V_bc))

74 printf( ’ Terminal l i n e v o l t a g e , V ca = %. 2 f % . 2 f
kV ’ ,abs(V_ca),phasemag(V_ca))

75 printf( ’ \nCase ( i i ) : L−L f a u l t : ’ )
76 printf( ’ Shor t c i r c u i t c u r r e n t , I a = %. f % . f A

’ ,abs(I_a_2),phasemag(I_a_2))

77 printf( ’ Shor t c i r c u i t c u r r e n t , I b = %. 2 f % . 1 f
A ’ ,abs(I_b_2),phasemag(I_b_2))

78 printf( ’ Shor t c i r c u i t c u r r e n t , I c = %. 2 f % . 1 f
A ’ ,abs(I_c_2),phasemag(I_c_2))

79 printf( ’ Terminal l i n e v o l t a g e , V ab = %. 3 f % . 1 f
kV ’ ,abs(V_ab2),phasemag(V_ab2))

80 printf( ’ Terminal l i n e v o l t a g e , V bc = %. f % . 1 f
kV ’ ,abs(V_bc2),phasemag(V_bc2))

81 printf( ’ Terminal l i n e v o l t a g e , V ca = %. 3 f % . 1 f
kV ’ ,abs(V_ca2),phasemag(V_ca2))

82 printf( ’ \nCase ( i i i ) : L−L−G f a u l t : ’ )
83 printf( ’ Shor t c i r c u i t c u r r e n t , I a = %. f % . f A

’ ,abs(I_a_3),phasemag(I_a_3))

84 printf( ’ Shor t c i r c u i t c u r r e n t , I b = %. 2 f % . 1 f
A ’ ,abs(I_b_3),phasemag(I_b_3))

85 printf( ’ Shor t c i r c u i t c u r r e n t , I c = %. 2 f % . 1 f
A ’ ,abs(I_c_3),phasemag(I_c_3))

86 printf( ’ Terminal l i n e v o l t a g e , V ab = %. 3 f % . f

107



kV ’ ,abs(V_ab3),phasemag(V_ab3))

87 printf( ’ Terminal l i n e v o l t a g e , V bc = %. f % . f
kV ’ ,abs(V_bc3),phasemag(V_bc3))

88 printf( ’ Terminal l i n e v o l t a g e , V ca = %. 3 f % . f
kV ’ ,abs(V_ca3),phasemag(V_ca3))

89 printf( ’ \nNOTE : Changes i n answer i s due to more
dec ima l p l a c e s ’ )

Scilab code Exa 13.9 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 x0 = 0.05 // Zero s equence r e a c t a n c e ( p . u )
4 x2 = 0.13 // Nega t i v e s equence r e a c t a n c e ( p . u )
5 r = 1.0 // Re s i s t a n c e through which g e n e r a t o r

n e u t r a l i s e a r th ed (ohm)
6 MVA_sc = 170.0 // Shor t c i r c u i t MVA
7

8 // Ca l c u l a t i o n S e c t i o n
9 MVA_base = 25.0 // Base MVA
10 kv_base = 13.2 // Line−to−

l i n e Base v o l t a g e (kV)
11 I_base = MVA_base *1000/(3**0.5* kv_base) // Base

c u r r e n t (A)
12 kv_base1 = 11.0 // Base kV
13 Z_n = r*MVA_base/kv_base1 **2 // Neut ra l

impedance ( p . u )
14 V_f = 1.0 //Pre− f a u l t

t e rm i n a l v o l t a g e ( p . u )
15 x1 = MVA_base/MVA_sc // P o s i t i v e

s equence r e a c t a n c e ( p . u )
16 I_a1 = V_f/complex (3*Z_n ,(x1+x2+x0)) // P o s i t i v e

s equence c u r r e n t ( p . u )
17 I_a0 = I_a1 // Zero

s equence c u r r e n t ( p . u )
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18 I_a2 = I_a1 // Nega t i v e
s equence c u r r e n t ( p . u )

19 I_a = 3*I_a1*I_base // Fau l t
c u r r e n t (A)

20 V_n = 3*I_a0*Z_n*I_base // P o t e n t i a l
o f n e u t r a l (V)

21

22 // Re su l t S e c t i o n
23 printf( ’ Fau l t c u r r e n t f o r a L−G shor t−c i r c u i t at i t s

t e rm i n a l s , I a = %. 2 f % . 2 f A ’ ,abs(I_a),

phasemag(I_a))

24 printf( ’ Neu t r a l p o t e n t i a l = %. 3 f % . 2 f V ’ ,abs(

V_n),phasemag(V_n))

25 printf( ’ \nNOTE : ERROR : For c a l c u l a t i n g n e u t r a l
p o t e n t i a l i n t ex tbook Z n = 1 i s taken i n s t e a d o f
Z n = 0 .206611570248 ’ )

Scilab code Exa 13.10 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 x1_G1 = complex (0 ,0.17) // P o s i t i v e s equence

r e a c t a n c e o f G1( p . u )
4 x2_G1 = complex (0 ,0.14) // Nega t i v e s equence

r e a c t a n c e o f G1( p . u )
5 x0_G1 = complex (0 ,0.05) // Zero s equence

r e a c t a n c e o f G1( p . u )
6 x1_G2 = complex (0 ,0.17) // P o s i t i v e s equence

r e a c t a n c e o f G2( p . u )
7 x2_G2 = complex (0 ,0.14) // Nega t i v e s equence

r e a c t a n c e o f G2( p . u )
8 x0_G2 = complex (0 ,0.05) // Zero s equence

r e a c t a n c e o f G2( p . u )
9 x1_T1 = complex (0 ,0.11) // P o s i t i v e s equence

r e a c t a n c e o f T1( p . u )
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10 x2_T1 = complex (0 ,0.11) // Nega t i v e s equence
r e a c t a n c e o f T1( p . u )

11 x0_T1 = complex (0 ,0.11) // Zero s equence
r e a c t a n c e o f T1( p . u )

12 x1_T2 = complex (0 ,0.11) // P o s i t i v e s equence
r e a c t a n c e o f T2( p . u )

13 x2_T2 = complex (0 ,0.11) // Nega t i v e s equence
r e a c t a n c e o f T2( p . u )

14 x0_T2 = complex (0 ,0.11) // Zero s equence
r e a c t a n c e o f T2( p . u )

15 x1_L = complex (0 ,0.22) // P o s i t i v e s equence
r e a c t a n c e o f l i n e ( p . u )

16 x2_L = complex (0 ,0.22) // Nega t i v e s equence
r e a c t a n c e o f l i n e ( p . u )

17 x0_L = complex (0 ,0.60) // Zero s equence
r e a c t a n c e o f l i n e ( p . u )

18

19

20 // Ca l c u l a t i o n S e c t i o n
21 a = 1.0* exp(%i*120* %pi /180)

// Operator
22 Z_1T = (x1_G1+x1_T1)*( x1_G2+x1_T2+x1_L)/( x1_G1+x1_T1

+x1_G2+x1_T2+x1_L) // Thevenin r e a c t a n c e o f
p o s i t i v e s equence ( p . u )

23 Z_2T = (x2_G1+x2_T1)*( x2_G2+x2_T2+x2_L)/( x2_G1+x2_T1

+x2_G2+x2_T2+x2_L) // Thevenin r e a c t a n c e o f
n e g a t i v e s equence ( p . u )

24 Z_0T = (x0_G1+x0_T1)*( x0_T2+x0_L)/(x0_G1+x0_T1+x0_T2

+x0_L) // Thevenin r e a c t a n c e o f z e r o
s equence ( p . u )

25 V_f = 1.0

//Pre− f a u l t t e rm i n a l v o l t a g e ( p . u )
26 I_a1 = V_f/(Z_1T+Z_2T+Z_0T)

//
P o s i t i v e s equence c u r r e n t ( p . u )

27 I_a2 = I_a1
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// Nega t i v e s equence c u r r e n t ( p . u )
28 I_a0 = I_a1

// Zero s equence c u r r e n t ( p . u )
29 I_a = 3*I_a1

// Fau l t c u r r e n t ( p . u )
30

31 I_a1_G1 = I_a1*(x1_L+x1_T2+x1_G2)/(x1_L+x1_T1+x1_G1+

x1_T2+x1_G2) // P o s i t i v e s equence c u r r e n t
sha r ed by G1( p . u )

32 I_a2_G1 = I_a2*(x2_L+x2_T2+x2_G2)/(x2_L+x2_T1+x2_G1+

x2_T2+x2_G2) // Nega t i v e s equence c u r r e n t
sha r ed by G1( p . u )

33 I_a0_G1 = I_a0*(x0_L+x0_T2)/(x0_L+x0_T1+x0_G1+x0_T2)

// Zero s equence c u r r e n t
sha r ed by G1( p . u )

34 I_a_G1 = I_a0_G1+I_a1_G1+I_a2_G1

// Phase
c u r r e n t through G1( p . u )

35 I_b_G1 = I_a0_G1+a**2* I_a1_G1+a*I_a2_G1

// Phase c u r r e n t
through G1( p . u )

36 I_c_G1 = I_a0_G1+a*I_a1_G1+a**2* I_a2_G1

// Phase c u r r e n t
through G1( p . u )

37

38 I_a1_G2 = I_a1*(x1_T1+x1_G1)/(x1_L+x1_T1+x1_G1+x1_T2

+x1_G2)*exp(%i*30* %pi /180) // P o s i t i v e s equence
c u r r e n t sha r ed by G1( p . u )

39 I_a2_G2 = I_a2*(x2_T1+x2_G1)/(x2_L+x2_T1+x2_G1+x2_T2

+x2_G2)*exp(%i*-30*%pi /180) // Nega t i v e s equence
c u r r e n t sha r ed by G1( p . u )

40 I_a0_G2 = 0

// Zero s equence c u r r e n t sha r ed by G1( p . u )
41 I_a_G2 = I_a0_G2+I_a1_G2+I_a2_G2
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// Phase c u r r e n t through G2( p . u )
42 I_b_G2 = I_a0_G2+a**2* I_a1_G2+a*I_a2_G2

// Phase c u r r e n t through G2( p . u )
43 I_c_G2 = I_a0_G2+a*I_a1_G2+a**2* I_a2_G2

// Phase c u r r e n t through G2( p . u )
44

45

46 // Re su l t S e c t i o n
47 printf( ’ Fau l t c u r r e n t f o r a L−G f a u l t at bus 1 , I a

= %. 3 f j p . u ’ ,imag(I_a))

48 printf( ’ \nPhase c u r r e n t s c o n t r i b u t e d by G1 : ’ )
49 printf( ’ I a = %. 3 f % . 1 f p . u ’ ,abs(I_a_G1),

phasemag(I_a_G1))

50 printf( ’ I b = %. 3 f % . 1 f p . u ’ ,abs(I_b_G1),

phasemag(I_b_G1))

51 printf( ’ I c = %. 3 f % . 1 f p . u ’ ,abs(I_c_G1),

phasemag(I_c_G1))

52 printf( ’ \nPhase c u r r e n t s c o n t r i b u t e d by G2 : ’ )
53 printf( ’ I a = %. 3 f % . 1 f p . u ’ ,abs(I_a_G2),

phasemag(I_a_G2))

54 printf( ’ I b = %. 3 f % . 1 f p . u ’ ,abs(I_b_G2),

phasemag(I_b_G2))

55 printf( ’ I c = %. 3 f % . 1 f p . u ’ ,abs(I_c_G2),

phasemag(I_c_G2))

56 printf( ’ \nNOTE : ERROR : Ca l c u l a t i o n m i s t ak e s i n
Generato r G2 pa r t ’ )

Scilab code Exa 13.11 Example

1

2

3 // Va r i a b l e D e c l a r a t i o n
4 kv_G1 = 13.2 // Vo l tage r a t i n g o f G1(kV)
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5 MVA_G1 = 40.0 //MVA r a t i n g o f G1
6 x1_G1 = 0.2 // P o s i t i v e s equence r e a c t a n c e o f

G1( p . u )
7 x2_G1 = 0.2 // Nega t i v e s equence r e a c t a n c e o f

G1( p . u )
8 x0_G1 = 0.08 // Zero s equence r e a c t a n c e o f G1(

p . u )
9 MVA_T1 = 40.0 //MVA r a t i n g o f T1

10 x_T1 = 0.05 // Reactance ( p . u )
11 kv_lv_T1 = 13.2 //L .V s i d e r a t i n g o f T1(kV)
12 kv_hv_T1 = 132.0 //H.V s i d e r a t i n g o f T1(kV)
13 kv_L = 132.0 // Vo l tage r a t i n g o f l i n e (kV)
14 x1_L = 40.0 // P o s i t i v e s equence r e s i s t a n c e

o f l i n e (ohm)
15 x2_L = 40.0 // Nega t i v e s equence r e s i s t a n c e

o f l i n e (ohm)
16 x0_L = 100.0 // Zero s equence r e s i s t a n c e o f

l i n e (ohm)
17 MVA_T2 = 40.0 //MVA r a t i n g o f T1
18 x_T2 = 1.0 // Re s i s t a n c e through which

n e u t r a l i s e a r th ed (ohm)
19 xp_T2 = 0.05 // Primary r e a c t a n c e o f T2( p . u )
20 xs_T2 = 0.045 // Secondary r e a c t a n c e o f T2( p . u )
21 xt_T2 = 0.06 // Te r t i a r y r e a c t a n c e o f T2( p . u )
22

23 // Ca l c u l a t i o n S e c t i o n
24 MVA_base = 40.0

// Base MVA
25 kv_base_G1 = 13.2

// Vo l tage base on g e n e r a t o r s i d e (kV)
26 kv_base_L = 132.0

// Vo l tage base on Line s i d e (kV)
27 kv_base_T2t = 3.3

// Vo l tage base on t e r t i a r y s i d e o f T2(kV)

113



28 kv_base_T2s = 66

// Vo l tage base on s e condary s i d e o f T2(kV)
29 R_ng = 2* MVA_base/kv_base_G1 **2

// Neut ra l r e s i s t a n c e o f g e n e r a t o r ( p . u )
30 x1_L_new = x1_L*MVA_base/kv_base_L **2

//New
Line r e a c t a n c e ( p . u )

31 x2_L_new = x2_L*MVA_base/kv_base_L **2

//New
Line r e a c t a n c e ( p . u )

32 x0_L_new = x0_L*MVA_base/kv_base_L **2

//New
Line r e a c t a n c e ( p . u )

33 R_nT = x_T2*MVA_base/kv_base_T2s **2

//
Neut ra l r e s i s t a n c e o f T2( p . u )

34 V_f = 1.0

//Pre− f a u l t v o l t a g e at f a u l t po i n t ( p . u )
35 Z1 = complex(0,x1_G1+x_T1+( x1_L_new /2)+xp_T2+xs_T2)

// Thevenin impedance
o f p o s i t i v e s equence ( p . u )

36 Z2 = complex(0,x2_G1+x_T1+( x2_L_new /2)+xp_T2+xs_T2)

// Thevenin impedance
o f n e g a t i v e s equence ( p . u )

37 Z0 = complex (0.0024 ,0.0593)

// Thevenin impedance o f z e r o s equence ( p . u ) . Re f e r
diagram

38 I_f = 3*V_f/(Z1+Z2+Z0)

// Fau l t c u r r e n t ( p . u )
39 I_f1 = abs(I_f)*MVA_base *1000/(3**0.5* kv_base_T2s)

// Fau l t c u r r e n t (A)
40 MVA_fault = abs(I_f)*MVA_base
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// Fau l t MVA
41

42 // Re su l t S e c t i o n
43 printf( ’ Fau l t c u r r e n t , I f = %. 2 f A ’ ,I_f1)

44 printf( ’ Fau l t MVA f o r L−G f a u l t = %. 2 f MVA’ ,

MVA_fault)
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Chapter 14

ELEMENTS OF CIRCUIT
BREAKERS AND RELAYS

Scilab code Exa 14.1 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 TMS = 0.5 //Time mu l t i p l i e r s e t t i n g
4 I_f = 5000.0 // Fau l t c u r r e n t (A)
5 CT = 500.0/5 //CT r a t i o
6 set_plug = 1.0 // Relay p lug s e t
7 I_relay = 5.0 //Rated r e l a y c u r r e n t (A)
8

9 // Ca l c u l a t i o n S e c t i o n
10 PSM = I_f/(CT*set_plug*I_relay) // Plug s e t t i n g

m u l t i p l i e r
11 T1 = 1.0 //Time o f

o p e r a t i o n f o r ob ta i n ed PSM & TMS o f 1 from graph .
Re f e r Fig 14 . 2 2

12 T2 = TMS*3/T1 //Time o f
o p e r a t i o n ( s e c )

13

14

15 // Re su l t S e c t i o n
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16 printf( ’ Operat ing t ime o f the r e l a y = %. 1 f s e c ’ ,T2)

Scilab code Exa 14.2 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 I_f_A = 6000.0 //3−phase f a u l t c u r r e n t o f

s u b s t a t i o n A(A)
4 I_f_B = 5000.0 //3−phase f a u l t c u r r e n t o f

s u b s t a t i o n B(A)
5 I_f_C = 3000.0 //3−phase f a u l t c u r r e n t o f

s u b s t a t i o n C(A)
6 I_f_D = 2000.0 //3−phase f a u l t c u r r e n t o f

s u b s t a t i o n D(A)
7 I_L_max = 100.0 //Maximum load cuuren t (A)
8 T = 0.5 // Operat ing t ime o f b r e a k e r s ( s e c

)
9

10

11 I_set = 1.0 // S e t t i n g
c u r r e n t (A)

12

13 // Ca l c u l a t i o n S e c t i o n
14 I_L_maxD = I_L_max //Maximum load

c u r r e n t at D(A)
15 CT_D = I_L_max /1 //CT r a t i o
16 PSM_D = I_f_D /(CT_D*I_set) // Plug s e t t i n g

m u l t i p l i e r
17 TMS_D = 0.1 //Time

mu l t i p l i e r s e t t i n g
18 T_D = 0.14* TMS_D/(PSM_D **0.02 -1) //Time o f

o p e r a t i o n ( s e c )
19

20 I_L_maxC = I_L_max+I_L_maxD //Maximum load
c u r r e n t at C(A)
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21 CT_C = I_L_maxC /1 //CT r a t i o
22 PSM_C = I_f_C /(CT_C*I_set) // Plug s e t t i n g

m u l t i p l i e r
23 T_C = T_D+T //Minimum time

o f o p e r a t i o n ( s e c )
24 TMS_C = T_C*(PSM_C **0.02 -1) /0.14 //Time

mu l t i p l i e r s e t t i n g
25

26 I_L_maxB = I_L_max+I_L_maxC //Maximum load
c u r r e n t at B(A)

27 CT_B = I_L_maxB /1 //CT r a t i o
28 PSM_B = I_f_B /(CT_B*I_set) // Plug s e t t i n g

m u l t i p l i e r
29 T_B = T_C+T //Minimum time

o f o p e r a t i o n ( s e c )
30 TMS_B = T_B*(PSM_B **0.02 -1) /0.14 //Time

mu l t i p l i e r s e t t i n g
31

32 I_L_maxA = I_L_max+I_L_maxB //Maximum load
c u r r e n t at A(A)

33 CT_A = I_L_maxA /1 //CT r a t i o
34 PSM_A = I_f_A /(CT_A*I_set) // Plug s e t t i n g

m u l t i p l i e r
35 T_A = T_B+T //Minimum time

o f o p e r a t i o n ( s e c )
36 TMS_A = T_A*(PSM_A **0.02 -1) /0.14 //Time

mu l t i p l i e r s e t t i n g
37

38 // Re su l t S e c t i o n
39 printf( ’ Relay A : ’ )
40 printf( ’CT r a t i o = %. f /1 ’ ,CT_A)

41 printf( ’PSM o f R A = %. 1 f ’ ,PSM_A)

42 printf( ’TMS o f R A = %. 1 f s e c ’ ,TMS_A)

43 printf( ’ \nRelay B : ’ )
44 printf( ’CT r a t i o = %. f /1 ’ ,CT_B)

45 printf( ’PSM o f R B = %. 2 f ’ ,PSM_B)

46 printf( ’TMS o f R B = %. 1 f s e c ’ ,TMS_B)

47 printf( ’ \nRelay C : ’ )
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48 printf( ’CT r a t i o = %. f /1 ’ ,CT_C)

49 printf( ’PSM o f R C = %. 1 f ’ ,PSM_C)

50 printf( ’TMS o f R C = %. 1 f s e c ’ ,TMS_C)

51 printf( ’ \nRelay D : ’ )
52 printf( ’CT r a t i o = %. f /1 ’ ,CT_D)

53 printf( ’PSM o f R D = %. 1 f ’ ,PSM_D)

54 printf( ’TMS o f R D = %. 2 f s e c ’ ,TMS_D)

Scilab code Exa 14.3 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 kv_hv = 66.0 // Vo l tage

r a t i n g o f HV s i d e o f t r a n s f o rme r (kV)
4 kv_lv = 11.0 // Vo l tage

r a t i n g o f LV s i d e o f t r a n s f o rme r (kV)
5 CT = 300.0/5 //CT r a t i o

on low t e n s i o n s i d e
6

7 // Ca l c u l a t i o n S e c t i o n
8 I = 300.0 //Assumed

cu r r e n t f l ow i n g at low t e n s i o n s i d e (A)
9 I_HT = kv_lv/kv_hv*I // Line

c u r r e n t on HT s i d e (A)
10 I_LT_CT = I/CT // P i l o t w i r e

c u r r e n t from LT s i d e (A)
11 CT_ratio_HT = I_HT *3**0.5/ I_LT_CT // Rat io o f

CT on HT s i d e
12

13

14 // Re su l t S e c t i o n
15 printf( ’ Rat io o f CT on h igh t e n s i o n s i d e = %. f 3 /%

. f ’ ,I_HT ,I_LT_CT)
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Scilab code Exa 14.4 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 kv = 11.0 // Vo l tage r a t i n g (kV)
4 MVA = 5.0 //MVA r a t i n g
5 R = 10.0 // Re s i s t a n c e (ohm)
6 per_a = 0.15 //Armature wind ing r e a c t a n c e
7 per_trip = 0.3 // Relay t r i p f o r out−of−ba l an c e
8

9 // Ca l c u l a t i o n S e c t i o n
10 x_p = per_a*kv**2/ MVA //

Winding Reactance (ohm)
11 V = kv /3**0.5*1000 //

Phase v o l t a g e (V)
12 I = per_trip*MVA *1000/(3**0.5* kv) //

Out o f ba l an c e c u r r e n t (A)
13 p = (((R*I)**2/(V**2-(x_p*I)**2))**0.5) *100 //

Pe r c en tage o f wind ing rema ins unsupported
14

15 // Re su l t S e c t i o n
16 printf( ’ Pe r c en tage o f wind ing tha t rema ins

unp ro t e c t ed , p = %. 1 f p e r c en t a g e ’ ,p)
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Chapter 15

POWER SYSTEM
STABILITY

Scilab code Exa 15.1 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 G = 50.0 // Rat ing o f machine (MVA)
4 f = 50.0 // Frequency o f turbo g e n e r a t o r (

Hz )
5 V = 11.0 // Vo l tage r a t i n g o f machine (kV)
6 H = 9.0 // Cyc le c o r r e s p ond i n g to 180 ms
7 P_0 = 40.0 //Pre− f a u l t output power (MW)
8 delta_0 = 20.0 // Rotor ang l e at i n s t a n t o f

f a u l t ( d e g r e e )
9

10 funcprot (0)

11 // Ca l c u l a t i o n S e c t i o n
12 P_0_close = 0 //Output

power at i n s t a n t o f r e c l o s i n g (MW)
13 P_a = P_0 - P_0_close //Net

a c c e l e r a t i n g power (MW)
14 delta_sqr = P_a *180*f/(G*H) // doub l e

d e r i v a t i v e ( e l e c t . d e g r e e s / s e c ˆ2)
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15

16

17 function ans = integrand1(t)

// i n t g s the doub le
d e r i v a t i v e to 800∗ t

18 ans = delta_sqr

19 endfunction

20 a = intg(0, 180*10** -3 , integrand1) // Rotor
v e l o c i t y ( e l e c t r i c a l d e g r e e s / s e c )

21

22 function ans = integrand2(t)

// i n t g s the doub le
d e r i v a t i v e to 400∗ t ˆ2

23 ans = delta_sqr*t

24 endfunction

25 b = intg(0, 180*10** -3 , integrand2)

26 delta = delta_0 + b // Rotor
ang l e ( e l e c t r i c a l d e g r e e s )

27

28 // Re su l t S e c t i o n
29 printf( ’ Rotor ang l e at the i n s t a n t o f r e c l o s u r e = %

. 2 f e l e c t r i c a l d e g r e e s ’ ,delta)

30 printf( ’ Rotor v e l o c i t y at the i n s t a n t o f r e c l o s u r e =
%. 1 f e l e c t r i c a l d e g r e e s / s e c ’ ,a)

Scilab code Exa 15.2 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 V = 1.0 // I n f i n i t e bus v o l t a g e ( p . u )
4 E = 1.0 // e .m. f o f f i n i t e g e n e r a t o r beh ind

t r a n s i e n t r e a c t a n c e ( p . u )
5 X_T = 0.8 // Tr an s f e r r e a c t a n c e ( p . u )
6 P_i = 0.5 // Input power ( p . u )
7 P_i_d = 0.8 //p . u
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8 P_0 = 0.5 //Output power ( p . u )
9 P = 0.5 //Power ( p . u )
10

11 // Ca l c u l a t i o n S e c t i o n
12 P_m = E*V/X_T // Amplitude o f

power ang l e curve ( p . u )
13 delta_0 = asin(P_i/P_m) // Radians
14 delta = asin(P_i_d/P_m) // Radians
15 delta_m = %pi -delta // Radians
16 A_acc = P_i_d *(delta -delta_0)-P_m*(cos(delta_0)-cos(

delta)) // P o s s i b l e a r ea o f a // Re su l t
S e c t i o n e l e r a t i o n

17 A_dec = P_m*(cos(delta)-cos(delta_m))-P_i_d*(delta_m

-delta) // P o s s i b l e a r ea o f d e c e l e r a t i o n
18

19 // Re su l t S e c t i o n
20 if (A_acc < A_dec) then

21 printf( ’ System i s s t a b l e ’ )
22 stability = A_dec/A_acc

23 printf( ’ Margin o f s t a b i l i t y = %. 2 f ’ ,stability)

24 else

25 printf( ’ System i s not s t a b l e ’ )
26 end

Scilab code Exa 15.3 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 x = 0.25 // Tran s i e n t r e a c t a n c e ( p . u )
4 E = 1.0 // e .m. f o f f i n i t e g e n e r a t o r beh ind

t r a n s i e n t r e a c t a n c e ( p . u )
5 x_T = 0.1 // Reactance o f t r a n s f o rme r ( p . u )
6 x_L = 0.4 // Reactance o f one l i n e ( p . u )
7 P_i = 0.25 //Pre− f a u l t power ( p . u )
8
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9 // Ca l c u l a t i o n S e c t i o n
10 X_T = x+x_T+(x_L /2) // Tran s f e r

r e a c t a n c e at pre− f a u l t s t a t e ( p . u )
11 P_m = E**2/ X_T // Amplitude o f

power ang l e curve at pre− f a u l t s t a t e ( p . u )
12 X_T1 = 1.45 // Tran s f e r

r e a c t a n c e b/w f i n i t e g e n e r a t o r & i n f i n i t e bus at
f a u l t y s t a t e ( p . u ) . Re f e r texbook problem f o r
f i g u r e

13 P_m1 = E**2/ X_T1 // Amplitude o f
power ang l e curve at f a u l t y s t a t e ( p . u )

14 r1 = X_T/X_T1

15 delta_0 = asin(P_i/P_m) // Radians
16 delta_1 = asin(P_i/(r1*P_m)) // Radians
17 delta_m = %pi - delta_1 // Radians
18

19 function ans = integrand1(delta)

20 ans = r1*P_m*sin(delta)

21 endfunction

22 a = intg(delta_0 , delta_1 ,integrand1)

23

24 A_acc = P_i*(delta_1 -delta_0) - a

25

26 function ans = integrand2(delta)

27 ans = r1*P_m*sin(delta)

28 endfunction

29

30 b = intg( delta_1 , delta_m ,integrand2)

31 A_dec = b - P_i*(delta_m -delta_1)

32 limit = 0.5648 // Obtained by
i t e r a t i o n s . Re f e r t ex tbook . Here a s s i g n e d d i r e c t l y .

33

34

35 // Re su l t S e c t i o n
36 if(A_acc < A_dec) then

37 printf( ’ System i s S t ab l e ’ )
38 stability = A_dec/A_acc

39 printf( ’ Margin o f s t a b i l i t y = %. 2 f ’ ,stability)
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40 else

41 printf( ’ System i s not s t a b l e ’ )
42 end

43 printf( ’ T r an s i en t s t a b i l i t y l i m i t = %. 4 f p . u ’ ,limit

)

44 printf( ’ \nNOTE : ERROR : ang l e d e l t a 0 = 7 . 9 =
0 . 13788 r ad i an not 0 . 0 1 4 r ad i an as i n t ex tbook ’ )

Scilab code Exa 15.4 Example

1

2

3 // Va r i a b l e D e c l a r a t i o n
4 x = 0.25 // Tran s i e n t r e a c t a n c e ( p . u )
5 E = 1.0 // e .m. f o f f i n i t e g e n e r a t o r beh ind

t r a n s i e n t r e a c t a n c e ( p . u )
6 x_T = 0.1 // Reactance o f t r a n s f o rme r ( p . u )
7 x_L = 0.4 // Reactance o f one l i n e ( p . u )
8 P_i = 0.7 //Pre− f a u l t power ( p . u )
9

10 // Ca l c u l a t i o n S e c t i o n
11 X_T = x+x_T+(x_L /2) // Tran s f e r

r e a c t a n c e at pre− f a u l t s t a t e ( p . u )
12 P_m = E**2/ X_T // Amplitude o f

power ang l e curve at pre− f a u l t s t a t e ( p . u )
13 X_T1 = 1.45 // Tran s f e r

r e a c t a n c e b/w f i n i t e g e n e r a t o r & i n f i n i t e bus at
f a u l t y s t a t e ( p . u ) . Re f e r texbook problem f o r
f i g u r e

14 P_m1 = E**2/ X_T1 // Amplitude o f
power ang l e curve at f a u l t y s t a t e ( p . u )

15 r1 = X_T/X_T1

16 X_T2 = x+x_T+x_L // Tran s f e r
r e a c t a n c e f o r po s t f a u l t s t a t e ( p . u )

17 r2 = X_T/X_T2
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18 P_m2 = r2*P_m

19 delta_0 = asin(P_i/P_m) // Radians
20 delta_1 = asin(P_i/(r2*P_m)) // Radians
21 delta_m = %pi - delta_1 // Radians
22 delta_c = 0.7 // S p e c i f i e d

va lu e ( r a d i a n s )
23

24 function ans = integrand1(delta)

25 ans = r1*P_m*sin(delta)

26 endfunction

27 a = intg(delta_0 , delta_c ,integrand1)

28

29 A_acc = P_i*(delta_c -delta_0) - a

30

31 function ans = integrand2(delta)

32 ans = r2*P_m*sin(delta)

33 endfunction

34

35 b = intg(delta_c , delta_m ,integrand2)

36 A_dec = b - P_i*(delta_m -delta_c)

37 cos_delta_cr = ((delta_m -delta_0)*sin(delta_0)-r1*

cos(delta_0)+r2*cos(delta_m))/(r2-r1)

38 delta_cr = acos(cos_delta_cr)*180/ %pi

39

40 // Re su l t S e c t i o n
41 if(A_acc < A_dec) then

42 printf( ’ System i s S t ab l e ’ )
43 stability = A_dec/A_acc

44 printf( ’ Margin o f s t a b i l i t y , K = %. 2 f ’ ,

stability)

45 else

46 printf( ’ System i s not s t a b l e ’ )
47 end

48 printf( ’ C r i t i c a l c l e a r i n g ang l e f o r a c e r t a i n pre−
f a u l t power = %. 2 f ’ ,delta_cr)

49 printf( ’ C r i t i c a l c l e a r i n g t ime w i l l be known from
c i r c u i t −b r e ak e r s p e c i f i c a t i o n s ’ )
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Scilab code Exa 15.5 Example

1

2 // Va r i a b l e D e c l a r a t i o n
3 P_i = 0.75 //Pre− f a u l t power ( p . u )
4 f = 50.0 // Frequency (Hz )
5 H = 6.0 // Value o f H f o r f i n i t e machine ( s e c )
6 x_G = 0.2 // Reactance o f machine ( p . u )
7 x_T = 0.1 // Reactance o f t r a n s f o rme r ( p . u )
8 x_L = 0.4 // Reactance o f l i n e ( p . u )
9 V = 1.0 // Vo l tage o f i n f i n i t e bus ( p . u )

10 E = 1.0 // e .m. f o f f i n i t e g e n e r a t o r beh ind
t r a n s i e n t r e a c t a n c e ( p . u )

11

12 // Ca l c u l a t i o n S e c t i o n
13 X_T = x_G+x_T+(x_L) //

Tr an s f e r r e a c t a n c e at pre− f a u l t s t a t e ( p . u )
14 P_m = E**2/ X_T //

Amplitude o f power ang l e curve at pre− f a u l t s t a t e
( p . u )

15 delta_0 = asin(P_i/P_m) // Radians
16 delta_0a = delta_0 *180/ %pi

17 delta_cr = acos((%pi -2* delta_0)*sin(delta_0)-cos(

delta_0))

18 delta_cra = delta_cr *180/ %pi

19 t_cr = ((delta_cra -delta_0a)*2*H/(180*f*P_i))**0.5

20

21 // Re su l t S e c t i o n
22 printf( ’ C r i t i c a l c l e a r i n g ang l e f o r c i r c u i t b r e ak e r

at bus 1 = %. 2 f ’ ,delta_cra)

23 printf( ’ Time f o r c i r c u i t b r e ak e r at bus 1 , t c r = %
. 3 f s e c ’ ,t_cr)
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